UNCLASSIFIED

AD NUMBER

AD282177

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; Jul 1962.
Other requests shall be referred to Wright
Air Developmental Center, Wright-Patterson
AFB, OH 45433.

AUTHORITY

ASD 1ltr, 3 Feb 1975

THIS PAGE IS UNCLASSIFIED



WADC TR 57-126, Pt Vi

AN T P

— —
- 4 ;o7 B v .
: J S DS e Boov o e (RN

: !

PHOSPHINOBORINE POLYMERS

TECHNICAL DOCUMENTARY REPORT NO. WADC TR 57-126
PART VI
July 1962

Directorate of Materials and Processes
Aeronautical Systems Division
Air Force Systems Command
Wright-Patterson Air Force Base, Ohio

OF Project No. 7340, Task No. 73404

MATERIALS
pROGRESS ﬁ'\\ NP £ ERCS e r=\: :'_-‘ s 5 41-4.;\

/-.. WP TN e e 3 -;’"”;\‘
I N RN EENE i ; R F P st

SAPPHIRE
ANNIVERS ARY

(Prepared under Contract No. AF 33(616)-7810
by the American Potash & Chemical Corporation, Whittier, California
Dr. Ross I. Wagner and Robert M. Washburn

and

University of Southern California, Los Angeles, California
Dr. Anton B. Burg)

BEST AVAILABLE COPY




THIS DOCUMENT IS BEST
QUALITY AVATLABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
“HPRODUCE  LEGIBLY.

REPRODUCED FROM
BEST AVAILABLE COPY



NOTICES

When Government drawings, specifications, or other data are used for any purpose
othier than in connection with a definitely related Government procurement operation, the
United States Government thereby incurs no responsibility nor any obligation whatsoever;
and the fact that the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other person or corporation, or

conveying any rights or permission to manufacture, use, or sell any patented invention
that may in any way be related thereto.

ASTIA release to OTS not authorized,

Qualified requesters may obtain copies of this report from the Armed Services Tech-
nical Information Agency, (ASTIA), Arlington Hall Station, Arlington 12, Virginia.

Copies of ASD Technical Reports and Technical Notes should not be returned to the
Aeronautical Systems Division unless return is required by security considerations, con-
iractual obligations, or notice on a specific document.

AF-WP.B-NOV 61 2Mm




TR Citation Database

Technical Reports Collection

Citation Format: Full Citation (1F)

Accession Number :
ADO0282177
Citation Status:
Active
Citation Classification:
Unclassified
Corporate Author:
AMERICAN POTASH AND CHEMICAL CORP WHITTIER CA
Unclassified Title:
PHOSPHINOBORINE POLYMERS.
Title Classification:
Unclassified
Descriptive Note:
Final rept., Jan-Dec 61,
Personal Author(s):
Wagner, Rose 1.
Washburn, Robert M.
Burg, Anton B.
Report Date:
01 Jul 1962
Media Count:
199 Page(s)
Cost:
$12.00
Contract Number:
AF33 616 7810
Report Number(s):
- WADC-TR-57-126-Pt-6
Project Number:
AF-7340
Monitor Acronym:
WADC
Monitor Series:
TR-57-126-Pt-6
Report Classification:
Unclassified
Supplementary Note:
Subcontract to Univ. of Southern California, Los Angeles.
Descriptors:

-
Page 1 of 2

*HEAT RESISTANT PLASTICS, *POLYMERS, *BORON COMPOUNDS, *BORINES,
*PHOSPHORUS COMPOUNDS, *PHOSPHINE, *LAMINATES, PHENYL RADICALS,
DIBORANES, AZIDES, NITROGEN COMPOUNDS, ALKYL RADICALS, SILICON

COMPOQUNDS, CHEMICAL REACTIONS, POLYMERIZATION, MOLECULAR
STRUCTURE, STABILITY, SYNTHESIS, ORGANOMETALLIC COMPOUNDS

https://drols.dtic.mil/search97cgi/docview.dl17Key=AD0282177&Query=%28+%28phosphi... 1/7/2003




4

TR Citation Database Page 2 of 2

Identifiers:

ALKYL RADICALS, PHOSPHORANES, PHOSPHONYL RADICALS

Abstract:

B-P Polymers: A series of new linear poly-P-methyl-n-alkyl-borophanes were prepared and
evidence suggests depolymerization of these materials proceeds by loss of monomer units at the
chain ends. A number of new P-substituted triborophane derivatives were prepared as well as
several partially B-halogenated derivatives of P-hexamethyltriborophane. New Approaches to
Thermally Stable Polymers: A number of diarylphosphonyl azides, Ar2P(0)N3, were prepared and
characterized. The azides react with trivalent P compounds to yield phosphoranes. Inorganic
Polymer Components: New IR spectra of (R2PBH2)3 compounds have structural implications
bearing upon the theory of their stability. IR spectra also confirm the structure (CF3HPO OH)2,
relating to the question of the stability of possible polymers having phosphinic-anhydride
connections. Trifluormethyl acetoxyphosphines offer a route to P-O-P bonding and to (CF3PO)n
polymers. (Author)

Abstract Classification:

Unclassified

Annotation:

DEVELOPMENT OF B AND P COMPOUNDS AND POLYMERS FOR USE AS
ELASTOMERS, ADHESIVES AND FOR FLUIDS HAVING EXTREME CHEMICAL AND
THERMAL STABILITY. INCLUDED IS RESEARCH ON BOROPHANES, BORINES,
PHOSPHONYL AZIDES, PHOSPHORANES AND PHOSPHINES.

Distribution Limitation(s):

01 - APPROVED FOR PUBLIC RELEASE

Source Serial:

F

Source Code:

025850

Document Location:

DTIC

Change Authority:

ST-A PER ASD LTR, 3 FEB 75

https://drols.dtic.mil/search97cgi/docview.dlI?Key=AD0282177& Query=%28+%28phosphi... 1/7/2003




FOREWORD

This report was prepared by Dr. Ross I. Wagner and Mr., Robert M. Washburn,
American Potash & Chemical Corporation, Research Department, Whittier,
California, and Dr., Anton B, Burg, University of Southern California, Los Angeles,
California, under USAF Contract No, AF 33(616)-7810. This contract was
initiated under Project No. 1(8-7340), "Nonmetallic & Composite Materials,"
Task No, 73404, "New Chemicals & Methods." The report was administered under
the direction of Directorate of Materials and Processes, Deputy Commander/Tech-
nology, Aeronautical Systems Division, with Lt, W, K, Musker and Dr. W, L. Iehn
acting as project engineers,

This report covers work conducted from January 1961 through December 1961,

The work at American Potash & Chemical Corporation Laboratories was carried
out under the direction of Dr. D, R, Stern, Manager, Research, Dr. K. R. Eilar,
Assistant Manager, Research, and Head, Organic Chemistry Section, and
Dr, Ross I. Wagner who acted as project leader. Boron-Phosphorus Polymers work
was performed by Messrs. Earl M. Evleth, Marvin H., Goodrow, Stanley E. Gordon,
Howard N. Hammar, Francis X, Maggio, Harley J. Rockoff, and Charles O, Wilson, Jr.
New Approaches to Thermally Stable Polymers were carried out by Messrs.

Roger A, Baldwin and Franklin A, Billig under the direction of Robert M. Washburn,

The work at the University of Southern California was carried out under the
direction of Dr. Anton B. Burg under Subcontract No, AF 6913-1 and is reported
in Appendix I, Dr, Burg was assisted by Messrs. Hans W, Birnkraut, John F. Nixon,
and Louis K. Peterson.




- ABSTRACT

Boron-Phosphorus Polymers. A glass cloth laminate was prepared with the
resin, poly-methylsesquimethyleneborophane, but it had too low a heat distortion
temperature for high temperature applications. Other related resin systems
have been studied briefly. A series of new linear poly-P-methyl-n-alkyl-
borophanes were prepared and further evidence was obtained suggesting that
depolymerization of these materials proceeds by loss of monomer units at the
chain ends. A number of new P-substituted triborophane derivatives were prepared
as well as several partially B-halogenated derivatives of P-hexamethyltri-
borophane. A simple synthetic procedure has been developed to convert these
partially B-halogenated compounds into P-hexamethyltriborophane derivatives
carrying a variety of B-substituted functional groups.

New Approaches to Thermally Stable Polymers. A number of diarylphosphonyl
azides, AroP0)Ng, have been prepared and characterized. The azides react with
trivalent phosphorus compounds to yield phosphoranes, ARpP(0)N=PRz, having
excellent hydrolytic, oxidative, and thermsl stability.

Inorganic Polymer Components. The general purpcse of discovering new
chemistry of polyvalent light elements has been pursued further with some
emphasis upon the understanding of molecular patterns relevant to polymer
situations. New infrared spectra of (RgzPBHz)s compounds have structural
implications bearing upon the theory of their stability. Infrared spectra also
confirm the structure (CFsHPOOH)z, relating to the guestion of the stability of
possible polymers having phosphinic-anhydride connections. Trifluoromethyl-
acetoxyphosphines offer a route to P-0-P bonding and to {CFgPG}n polymers. Such
oxyphosphines suggest connecting links for macromolecular fluorocarbons. The
basic depolymerization of (CFaP)p was studied further, and relates to the
problem of managing inorganic monomers for controlled polymerization. The
relation of P, chain-length to stability in open-chain polyphosphines also 1is
emerging from the study of the new compounds Pg(CFa)s and Ho(CFzP)4. A new
area of resin chemistry may emerge from the complex reaction of (CF3)2PCN with
BgHg, and the probable CFgP(CN)o relates to the same purpose.

PUBLICATION REVIEW

This technical documentary report has been reviewed and is approved.

FOR THE COMMAKDER:
Wt ¢ bl

William E. Gibbs

Acting Chief, Polymer Branch
Nonmetallic Materials lLaboratory
Directorate of Materials and FProcesses
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I. INTRODUCTION

The primary objective of this program is research in the field of borophane
compounds leading toward the synthesis of polymeric materials which are
basically inorganic in nature and are capable of development into elastomers,
adhesives and/or fluids having extreme chemical and thermal stability. Also
under investigation are a number of screening reactions which should lead to

' 0
new thermally stable polymers involving P-N, B-N, and 51-0-C bonding systens.

The borophanes offer a promising field of study since as a class these

compounds are unusually resistant to thermal decomposition and to oxidative and
hydrolytic attack.

The two basic approaches to the problem of preparing useful borophane
compounds are: (1) altering the substituents on the boron and phosphorus atoms,
and (2) changing the degree of polymerization. The changes in physical or
chemical properties resulting from varying substituents or changing degree of
polymerization are compared with the properties of P-hexamethyltriborophane,
[(CH3)oPBHo lg, as the reference standard.

Efforts directed toward discovering stable new polymer bonding systems
have produced borimidazole (B-N), carboxy-51lanol (S1OC) and phosphonimido-

phosphorane (= EN-P—) compounds as well as the interesting phosphonyl azide
intermediates used for the latter system.

Manuscript released by authors July 31, 1962, for publication as a WADC
Technical Documentary Report.




II. BORON-PHOSPHORUS POLYMER GIASS CLOTH REINFORCED LAMINATES

A. Discussion

Three borophane resin systems have been investigated in varying degree as
candidate laminating resins. The first of these resins, poly-P-methylsesqui-
methyleneborophane, which is derived from 1,3-trimethylene-P,P’-bis(methyl-
phosphine borine), was the most thoroughly studied. A considerable amount of
information on preparation and handling of borophane laminating resins was
derived from this study although the resin itself proved to retain a certsain
amount of thermoplastic character which made it unsuitable for the intended
application. The second resin was derived from the reaction product of methyl-
B-hydroxyethylphosphine and diborane., This material was investigated only
briefly since it appeared to have poor oxidative and hydrolytic stability.
Investigation of the resin formed on pyrolysis of methylphosphine borine has
Just begun and proper conditions for preparation of a useful prepolymer have
not yet been determined.

1, P-Methylsesquimethyleneborophane Polymer

a, Preparation of Laminates

Attempts to polymerize l,}-trimethyiene-P,Pf-his(methylghcsphine
borine) (equation 1) directly in a glass cloth laminate in the hydraulic press
failed, due to volatilization of the adduct at the temperature (200°C.)
necessary for a reasonable rate of polymerization. Results of these experiments
are listed in Table I.

n 33§ ' ‘ E2§
5 (CHaHPCHp)2CHp e (CHzP(CHp) ;.51 + nHo (1)

A number of experiments were run to determine the optimum degree
of prepolymerization regquired for effective use of the prepclymer in laminates
containing approximately 30% resin by weight. During the pressing operation the
prepolymer must have good flow characteristics but still the resin loss mast be
minimized. Table II lists some properties of the resin at varying degrees of
polymerization. In Figure 1, the evolution of hydrogen from 1,3-trimethylene-
P,P’-bis(methylphosphine borine) is plotted as a function of time at 202°C.
{equation 1). After 12 hrs. the resin is so highly cross-linked that it could
only be applied to the cloth as a powdered solid and did not have encugh flow at
260°C. to completely cover the glass cloth. The same situation obtains for the
6-hr. resin although slightly better results were observed if the prepolymer
were applied as a gel coat.

The best results obtained so far have been with s 5-hr.
prepolymer which at room temperature is an extremely brittle colorless crystal-
line solid easily ground to a powder, The softening point of the 5-hr.
prepolymer was determined to be 92-103°C. on a Fisher-Johns melting point

2



TABILE I

Attempts to Prepare Laminates by Direct Pyrolysis of
1,3-Trimethylene-P,P'-bis(methylphosphine borine)

Resin Content, % Differential Curing Cycle
Before After Resin loss, | Time, Temp., | Ram Force,
Expt. No. Pressing | Pressing % hrs. °C. tons
1151-3A 44,0 13.3 30.7 C.75 204 0
1151-3B o] 9.5 34,5 0.75 204 o}
1151-4 4L .0 14.0 30.0 0.75 204 0
1151-5B ik.5 4.3 10.2 0.75 20k 0
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Some Properties of Prepolymerized 1,3-Trimethylene-
P,P'-bis{methylphosphine borine)

TABLE II

Time at Hz Evolved, Softening Solubility
Expt. No. 202°C., Hrs. % of Theor. Point, °C. in Toluene
1391-66 0.5 37.8 - -
1391 -66 1.0 54.9 - -
1391 -66 2.0 76.3 - -
1151-9 3.0 88 55-65 Sol.
1151-15 k.o 95 64 =75 Sol.
1391-66 4.0 95.2 - -
1151-24 5.0 96 92-103 Sol.
1151-20 6.0 97 98-112 Insol.
{gel in di-
lute sol.)
1151-16 12.0 98 142-191 Insol.
1391-66 12.0 98.3 - -




apparatus, and the solubility was great enough to prepare solutions of 50%
solids concentration in toluene for application to the glass cloth. The
solutions facilitate impregnation of the glass cloth with this resin vwhich has
low loss during the laminating operation. In Table IIT are listed the data
pertaining to glass cloth reinforced methylsesquimethyleneborophane polymer
laminates prepared from the resin with varying degrees of prepolymerization. i

After several months' storage of the adduct under argon at
ambient temperature, the S-hr. prepolymer prepared from it was no longer
sufficiently soluble in toluene, and the softening point raised to 112-118°C.
Laminates produced from this prepolymer were soft, peeled apart easily, and had
a tendency to ignite at the laminating temperature of 260°C. Infrared analysis
of the adduct showed an absorption band not present in the spectrum of the
original adduct at 3.22y attributed! to OH on boron suggesting some oxidation
as a result of frequent sampling, Purification of the partially oxidized
adduct was accomplished by washing with water. A 5-hr. prepolymer prepared
from the purified adduct was a clear, crystalline solid with a softening point
of 87-92°C. Toluene solutions of the prepolymer at 40-50% solids concentrations
were soft gels rather than true solutions. These differences in properties in no
way effected the formation of laminates from this material. No ignition of
vapors at the laminating temperature (260°C.) was observed. A good 3.5 x 4 in.
laminate with a density of 1.69 g./cc. containing 28.5% resin was formed from
this purified prepolymer.

All laminates pressed in air had s strong odor of phosphine
suggesting, perhaps, some oxidative degradation had occurred during the
laminating process. A platen designed to permit gas to enter the area enclosed
by lflé-in, spacers was made and laminates were produced from the 5-hr. v
prepolymer under a continuous stream of argon. These laminates had comparatively
little odor but the resin loss during the laminating process was higher
(Expt. No. 1151-30; 33, Table III) suggesting that the odoriferous products may
have been more volatile polymer fractions which were swept out in the gas stream,
or more probably that the reitsined resin did not gain weight due to air
oxidation.

b. Density of the Laminate

Reliable values for the heat distortion temperature of resins is
dependent on obtaining a void-free test specimen. Determination of the resin
content of a borophane laminate cannot be made by burning away the resin
because of the high ash content. Accordingly, a measurement of the density of
the laminate and comparison with the theoretical density of a laminate of given
dimensions and glass content seemed to be a simple method of determining resin
content and void volume of the laminates.

The density of poly-P-methylsesquimethyleneborophane resin was
determined to be 1.04 g./cc. by flotation in chlorobenzene and that of the glass
to be 2.56 g./cc.* using an air comparison pycnometer (Beckman No. 930). Using

*United Merchants Industrial Fabrics, the manufacturer of Type 181 glass
cloth, gives 2.55 g./cc. for the glass density.

6




TABLE IIIX

Preparation of Glass Cloth Reinforced Methylsesquimethylene-
borophane Polymer Laminates from Prepolymerized 1,3-Trimethylene-
P,P'-bis{methylphosphine borine)

: N

Resin Content, % | Differential | Prepolymer- Curing Cycle
Before | After Resin loss, |ization time, [Time,|Temp.,{Ram Force,

Expt. No. Pressing| Pressing % hrs. hrs.| °C. Tons
1151-54 4.5 k.1 0.4 2.5 0.75 | 204 0
1151-6 4.2 4.0 0.2 2.5 2.0 20k 0
1151-7 b, 7 22.0 2.7 2.5 0.5 204 0
0.5 20k 5
1151-11 - 23.8 - 3.0 0.5 204 0
0.5 260 5
1151-12 - 2L.0 - 3.0 1.0 260 5
1151-1k ho,2 30.6 11.6 3.0 0.25 | 204 0
, 0.75 | 260 1
0.66 | 260 5
1151-18 4o.0 i2.7 27.3 L.o 1.0 204 0
2.25 | 260 7
1151-19 38.5 30.1 8.4 4.0 1.0 20k 6
2.5 260 6
1151-214 36.2 32.2 6.0 6.0 1.0 260 6
1151-21B 31.9 30.7 1.2 6.0 1.0 260 6
1151-25 33.3 29.8 3.5 5.0 0.25 | 260 0
1.0 260 6
1151-26 32.4 30.2 2.2 5.0 0.25 | 260 0
1.0 260 6

1151-28 40.3 36.4 3.9 5.0 0.25 | 260 0-2
1.0 260 6
1151-30% 36.0 30.6 5.4 5.0 1.0 260 6
1151-3%% 29.0 22.2 6.8 5.0 0.25 | 149 o}
1.0 260 6
1151-41 33.2 29.2 L.o 5.0 1.0 260 6




these data the theoretical density (1.70 g./cc.) and resin content (34.4%)
were calculated for a 1/16 in., 6-ply laminate,

¢. Heat Distortion Temperature

The standard ASTM test D648-562 for "Heat Deformation of
Plastics Under Constant Load" {264 psi) was not applicable to the glass re-
inforced laminates. In attempted calibration experiments the heat distortion
temperatures of laminates prepared from standard epoxy formulations were not
observed at approximately 100°C. above the maximum useful temperature for the
formula. Some charring and degradation were observed before a deflection
reading could be obtained. Since a s0lid unreinforced sample of P-methylsesqui-
methyleneborophane could not be cast readily because hydrogen evolved during
the cross-linking process, modification of the test was necessary to compensate
for the obvious reinforcing effect of the glass cloth. The heat distortion
temperatures of the unreinforced standard epoxy formulations were determined
using the standard ASTM test under a load of 264 psi and then the loading was
increased so that the corresponding laminates showed the identical heat
distortion temperature. Using this increased load the heat distortion tempera-
ture of the P-methylsesquimethyleneborophane laminate was measured as 60°C.

Each of the two epoxy formulations has a heat distortion
temperature just below the maximum usable temperature (thermal stability limit),
e.g., HDT 106°C. and maximum temperature 116°C.3 for samples 70-1 and 70-2 and
HDT 142°C. and maximum temperature 1&9°c.,3 for sample 71 (see Table IV). The
large difference between the HDT 60°C. and the maximum temperature > 260°C. for
P-methylsesquimethyleneborophane suggests that this resin is somewhat thermo-
plastic. The borophane resin test specimen showed no permanent damage so that
glass adhesion appears not to be an important factor contributing to the low
HDT value.

d. Thermal Stebility of Poly-P-methyl-
sesquimethyleneborophane

During formation of laminates little or no evidence of
decomposition of the polymer was observed at 260°C. but raising the temperature
to 280°C. in an attempt to reduce the press time resulted in considerable
oxidation of the polymer., The spontanecus ignition tempersture in sair for
poly-P-methylsesquimethyleneborophane was previously determined to be 312°C.%.

To determine the thermal stability in the absence of air, a
sample of polymer, which had been polymerized at 202°C. for 12 hrs., was sealed
in an evacuated glass tube and heated at 320°C. for 1 br. after which time it
had changed to a viscous semi-solid. These data suggest that a practicable
utilization temperature would be in the range 260-280°C.



TABIE IV

Heat Distortion Temperature Comparisons

12-Ply Type 181 Glass Cloth
Unreinforced Resin Reinforced Resin
Sample No. | Stress, psi HDT, °C. Stress, psi HDT, °C.
70-1 264 142 1,377 142
70-2 264 2 1,377 140
71 264 106 1,377 108
86 - -- 1,377 60




2. Resin from Methyl-B-hydroxyethylphosphine and Diborane

8. Preparation of the Borine Adduct
of Methyl-f-hydroxyethylphosphine

For the purpose of obtaining a borophane polymer with reactive
functional groups for further cross-linking and possibly improved adhesion to
glass, an attempt was made to prepare the borine adduct of methyl-B-hydroxyethyl-
phosphine according to Equation (2),

HOCHoCHoP(CHg )H + £BoHg ——————m—  HOCHoCHoP(CHg )HBHz (2)

Alternatively, the reaction may proceed to form the borate ester according to
Equation (3). :

HOCHoCHoP(CHz)H + #$BoHg -~  HoBOCHoCHpP(CHg)H + He  (3)

In mixing the reagents hydrogen was evolved equal to 72% of the theoretical
based on Equation (3}. Infrared analysis of the product showed a mixture of both
tri- and tetracoordinate borste ester functions as well as the absorption bands
associgted with O-H, B-H and P-H bonds. The adduct nixture underwent polymeri-
zation at 180°C. during 2 hrs. to form a white solid which had a softening point
of 90-100°C. and which was soluble only in ethanol possibly with some reaction,

b. Preparation of Laminates

A 6-ply Type 181 glass cloth laminate was formed successfully
at 260°C. using an ethanol solution of the prepolymer and the laminating
technigues described for sesquimethyleneborophane polymers. The resulis are
listed in Table V. A continuous stream of argon was used during the laminating
procedure because the methyl-f-hydroxyethylphosphine borine adduct exhibited a
marked sensitivity to oxidation.

This sensitivity may possibly be atiributed to the presence of
B-0-C bonds. The laminate was brittle at room temperature and remained rigid
at 110°C. However, 40 min, immersion at room temperature in distilled water
caused complete delamination.

Attempts to laminate by using the polymerized adduct directly
failed, due to excessive volatilization at the press temperature (260°C.).

3. Methylborophane Polymers

Two attempts to form a soluble prepolymer from methylphosphine
borine by pyrolysis at 200°C. proceeded to a point where the product was
inscluble in all solvents tested and showed no softening point. Lower
tempergtures will be used in further experiments.

10




(xemhTodsag)
G 092 2 T°¢T 9°H2 L*Lg L6-TCTT
(3onppy)
0 092 ¢'T g°2e 2°¢T 0°9¢ H6-TGTT
suoy, *D, ‘dwsg | say 9, ssoT ulsay | Burssaxd I91JY | Butrssaxg axogeg | *oy guewTIsdxd
20J0] wey ‘amty | TRTAURISIITA
8Toky Butan) 9 ¢quequop urssy

qonppy outxog surydsoudTAyjofxoxplu-yg-TAursn moxJ
SOMBUTWET POOJIOJUTSY UIOTH SSeTyH Jo uolsexedaad

11



B. Experimental

1. P-hiethylsesguimethylene‘somphaae Polymer

The experimental procedures used were egsentially the same for each of
the leminates prepared and, accordingly, only a general procedure is described.

8. ?regclymerizatian of 1,5-Trimethylene-
P,P -bis{methylghasphine borine) (1391-66)

A 1.8581 g. (11,3439 mmoles) qaantity of 1,5-trimethylene-
P P-bis(methylphosphine borine) was placed in a 25 ml, glass bomb tube and the
evacuated sealed tube was placed in a constant temperature bath at 202°C. After
& given time the tube was removed, cooled, and the hydrogen was meassured in the
high vacuum line. The tube was rese&leﬁ and the process was repeated, The
product was observed to be fluid at 202°C., after 3 hrs, but was solid after
3.33 hrs, ’

b. Puriﬁeatien of Oxidized 1,5-Trimethylene-
P,P’-bis(methylphosphine Borine) (1151-78)

A 42,0 g. quantity of impure 1,3-trimethylene-P,P’-bis{methyl-
phosphine borine) was dissolved in 50.0 ml. of benzene in an argon-filled
separatory funnel and twice washed with 21 ml, portions of distilled water. The
solution was dried over anhydrous sodium sulphate., The major portion of the
benzene was removed at ambient temperature at 15 mm, pressure during 4 hrs.
after which the remaining solvent was removed at 50°C, and 10 mm, during 2 hrs,
leaving 30.8 g. (73.4% yield) of pure 1,3-trimethylene-P,P’-bis(methyl-
phosphine borine). The infrared spectrum and index of refraction of the washed
sample were identicsl to the dats recorded immedistely after preparation of
1,3,-trimethylene-P,P’-bis(methylphosphine borine).

¢, Percentage Resin in the laminate

8ix pieces of Type 181 glass cloth were cut using & 1.5-in,
diameter arch punch and weighed to 0.01 g. on a torsion balance, The cloth
circles were then individually coated with polymer solution (50% by weight in
toluene) and air dried for 15 min. at room temperature, followed by 10 min. at
100°C. After removal of the solvent the polymer coated discs, which were non-
tacky and reedily handled, were then weighed t{o determine the resin content by
difference, After the laminate was formed, it was reweighed to determine by
difference the loss in weight of resin during the pressing operation (see
Table III). In laminates that were prepared using the solid polymer, the
procedure was the same except that the powdered polymer was placed between each
layer of glass cloth and weighed before laminating.

d. ILaminsting Procedure

The laminates were pressed between 8 in. x 8 in. chrome-plated
steel plates using 1/16 in, metal spacers. To facilitate removal of the
laminate after curing the chrome plates were coated before use with a parting
agent consisting of T parts by weight high vacuum silicone grease, 3 parts by

12



weight paraffin wax dissolved to 20% solids in & mixture of equal parts toluene,
acetone, and carbon tetrachloride.

The stack of coated cloth circles between the chrome plates
was placed in the preheated press. The press was closed and after 3 minutes
pressure on the ram was raised to 5 tons. During the 1-2 hr. curing cycle the
pressure increased in most experiments to a final value of 6 tons. The
laminates were either removed hot at the end of the curing cycle or after
cooling the press by circulating cold water through the platens.

e. Heat Distortion Temperature

Two standard epoxy formulations were prepared for use in heat
distortion comparison tests. Samples 70-1 and T0-2 were prepared from a formula
consisting of 100 parts by weight of Epon 828 (Shell Chemical Co. bisphenol-
epichlorohydrin resin) and 14 parts by weight of m-phenylenediamine. The amine
was dissolved in the resin and after thorough mixing, the resulting solution was
deserated under reduced pressure. A portion was cast into a 1/8 in. panel and
the remaining resin solution was used to form a 1/8 in., 12-ply glass cloth
laminate. Both the casting and the laminate were subjected to the same curing
cycle of 4 hrs. at 120°C. followed by 6 hrs. at 175°C. After curing, two
5x 1/2 in, test specimens were cut from the cast panel and two from the laminate.
Sample 71 was prepared from a formule consisting of 100 parts by weight of
Epon 828 and 10 parts by weight of diethylenetriamine cured at room temperature
for 15 hrs., followed by 4 hrs. at 115°C. The same number of test specimens were
prepared following the procedure described above.

The P-methylsesquimethyleneborophane polymer laminate (Sample 86)
was formed using the procedure described previously and cured at 260°C. for
2 hrs. in the press. All samples were allowed to remain at ambient temperature
for 48 hrs. before testing.

The heat distortion apparatus was constructed following the
published description,? using Dow Corning 710 fluid as the heating medium. The
heat distortion temperatures of the cast samples were determined under a
264 psi load. For the corresponding laminates, a load of 1377 psi was found
necessary to reproduce the heat distortion temperature. This same increased
load was then applied to the poly-P-methylsesquimethylene borophane laminate.
The results are listed in Table IV.

f. Thermal Stability of Poly-
P-methylsesquimethyleneborophane  (1151-7h)

A 0.1503 g. quantity of poly-P-methylsesquimethyleneborophane
(polymerlzed at 202°C. for 12 hrs.) was placed in a sealed evacuated glass tube
and heated in a tube furnace at 320°C. for 1 hr. The solid polymer had changed
to a tacky semi-solid mass. The tube was opened on the vacuum line and
13.47 cc. of hydrogen and 0.14 cc. of methane were obtained. The residue
weighed 0.146k g.
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2.  Resin from Methyl-p-hydroxy-
ethylphosphine and Diborane

a. Synthesis of Borine Adduct of
Methyl-fB-hydroxyethylphosphine (1151-92)

Into a 1000 ml. buldb containing 30 ml. of benzene was condensed
6.52 g. (70.9 mmoles) of methyl-pB-hydroxyethylphosphine, To the resulting
solubion 792 ce. (55,ﬁ mnoles) of diborane was added and the bulb was sealed
and allowed to stand at room temperature for 15 hrs. The bulb was opened on
the vacuum line and 1127.1 cc. (71.9% based on Equation 3) of hydrogen was
collected. The product was a clear liquid, the infrared spectrum of which
shoved bands at 3540 (0-H) and 1338 em=! (B-0-C, tricoordinate) in addition to
C-H, B-H and P-H absorptions.

b. Preparation of Prepolymer (1151-95)

A prepolymer was formed by heating 6.3 g. of the borine adduct
of methyl-f-hydroxyethylphosphine at 180°C. for 2 hrs. after a 15 hr. heating
period at 110-120°C, caused no apparent increase in the viscosity. The hydrogen
evolved was found to be an additional 887.0 ce. corresponding to a total of
64,9% of the theoretical based on two moles of hydrogen per mole of phosphine.
The prepolymer was g vwhite s0lid having a softening point of 90-100°C.
(Fisher-Johns melting point apparatus) and soluble in ethanol but insoluble in
benzene, toluene or xylene.

c. Preparation of Laminates (1151-94,97)

Six 1.5 in. diameter pieces of Type 181 glass cloth were
saturated with the adduct and heated under an argon atmosphere at 260°C. for
1.5 hrs. in the hydraulic press. Platens were in the closed position; however,
no measurable pressure was gpplied. During the first 5 min., vapor escaping
from between the closed platens ignited on reaching the atmosphere. In another
experiment six 1.5 in. diameter pieces of Type 181 glass cloth were saturated
with a 50% solution of prepolymer, The solvent was removed under vacuum at
room temperature and the resin impregnated glass cloth was stacked in the press
at 260°C., and 5-ton pressure applied for 2 hrs. under an argon atmosgphere,

3.  Methylborophane Polymer (1151-98,102)

Methylphosphine borine was prepared from 0.915 g. (19,0 mmoles) of
methylphosphine and 212.8 cc., (9.68 mmoles) of diborane in an evacuated 1000 ml.
bulb at -78°C. The bulb was sealed and heated to 204°C. for 9 hrs. to give a
yellow solid and 595.6 cc. (26.6 mmoles, 70.0% yield) of hydrogen. The
prepolymer was insoluble in benzene, toluene, xylene, acetone, methylethyl
ketone, methylisobutyl ketone and dimethylformamide and showed no softening
point up to 300°C. indicating it was too highly cross-linked to be of value.

In a second experiment, 2.20 g. (k5.9 mmoles) of methylphosphine
and 513.6 cc. (22.9 mmoles) of diborane were used to prepare methylphosphine
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borine in the manner described above., The adduct was heated in a sealed
evacuated bulb at 180°C. for 20 min. and yielded a yellow foamed solid and
996.7 cc. (44.4 mmoles, 48.4% yield) of hydrogen. A small quantity of hydrogen
was lost inadvertently but is estimated not to raise the yield above 51%. The

prepolymer was again insoluble in the same solvents and did not soften on
heating to 300°C.
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III. BORON-PHOSPHORUS POLYMER CHEMISTRY

A, Discussion

1. Linear Borophane Polymers

a., Preparation of Linear and Cyclic Methyl-n-
alkyl- and Methylphenylborophane Polymers

A series of methyl-n-alkylphosphine borines (Ca-Cg) and
methylphenylphosphine borine were pyrolyzed in the presence of ca., 20 mole
per cent triethylamine to: (1) extend the scope of phosphorus substituents on
the resulting linear borophane polymersS’®, and (2) to determine the effect of
these substituents on the degree of polymerization and yield of the linear
polymers, Each of these experiments was performed on an approximate 0,13 mole
scale in & stainless steel pressure vessel, and the cyclic triborophane
by-product was removed by distillation on a rotary molecular still, With
increased chain length of the alkyl group the residual linear borophane polymers.
showed: (1) a decreasing trend in the degree of polymerization (from 34 to
4.8, although C7 preceded Cg), and (2) an apparent increase in polymer yields.
The chain length of P-methylphenylborophane polymer was of the same order of
magnitude (D.P. 6.2) as the Cg-Cg alkyl derivatives but the yield (24%) was only
half as great. Each of the linear polymers was a glass or very viscous liquid.

The by-product triborophanes were each washed with methanolic
hydrochloric acid to remove residual triethylamine and redistilled to give
colorless liquids with the exception of 1,3,5-trimethyl-1,3,5-triphenyltri-
borophane which slowly crystallized to a waxy solid on standing. The observation
that viscosity appeared to increase with increasing chain length of the n-alkyl
group in 1,3,5-trimethyl-1,3,5-tri-n-alkyltriborophanes was confirmed by
measurements on the n-butyl- and n-octyl-derivatives.

b. Preparation of P-({3,3-Dimethylecyclo-
trimethylene )borophane Polymers

3,53-Dimethyleyclotrimethylenephosphine was treated with excess
diborane to form the corresponding phosphine borine, which was converted without
isolation to a mixture of borophare polymers in 94.9% yield to determine the
effect of the CPC bond angle on the ratio of linear to cyclic polymer
formation,

CHz CHz :
” 4
(333)23\\ /?Eigga -———£§—~a- [(Cﬁs)ac\CH‘:ngajasésn + Hz (&)
CHZ 2

Sublimation of the mixture and subsequent vapor phase chromatographic ahalysis
of the sublimate indicated the composition to be 83.2% P-tris(3,3-dimethyl-
cyclotrimethylene)triborophane, 2.0% P-tetrakis(3,3-dimethyleyclotrimethylene)-
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tetraborophane, and 1k,8% P-(3,3-dimethylcyclotrimethylene )borophane polymer
(D.P. =5.9). Only the triborophane, m.p. 165°C,, has been characterized.

C. Thermal Decomposition of Linear Borophane Polymers

(1) P-Dimethylborophane Polymer

To elucidate further the mode of thermal decomposition of
P-dimethylborophane polymer, a sample was subjected to thermal deccmposition for
21 hrs, at 180°C. Hydrogen was evolved during the first stages of the decom-
position together with minor amounts of condensable gases. The molecular
weight of the residual polymer showed a moderate increase., These results
confirm the report of Burg’ who postulated some chain termination with BHs
groups.

(2) P-Dimethylborophane and P-Methyl-
ethylborophane Polymer Mixtures

In two separate experiments mixtures of P-dimethyl-
borophane and P-methylethylborophane polymers were heated for 24 hrs. at 190°C.,
one in the presence of a small amount of hydrogen chloride to determine the
possible effect of block polymerization on the properties of the resulting
polymer. The isolated polymer from the hydrogen chloride-treated mixture
showed a molecular weight of 1400, indicating considerable degradation. In
both cases the decomposition products were mixtures of nearly identical
composition consisting of all four of the possible triborophanes corprised of
one or both of the two borophane monomers. These data suggest that the
polymers decorposed into monomer units according to the equations

[(Cl)aPBH2], ——2— o  (CHg)sPBH: + [(CHg)PBH2], (5)
[CHig(Colls )PBHp )y 5 CHg(Colls )PBHp + [CHg(Colis )PBHa Y, o (6)

and recorbined at random to the triborophane compounds [(CHs)sPBHsls,
[ (CHg )2PBHz JoCHs (CoHs )PBHz, (CHg)o2PBH2[CHg(C2Hs )PBHz 2, and [CHs(CzHs )PBH-Js.

To confirm the postulated depolymerization of the linear
polymer to monomeric units Tollowed by random trimerization to give the
observed products, an experiment was run to show that an equimolar mixture of
P-hexamethyltriborophane and 1,3,5-trimethyl-1,3,5-triethyltriborophane would
not undergo random reorganization (Equation 7) under the same experimental
conditions, f such a reorganization occurred to any degree at moderate
temperatures, the thermal stability of the P-B bond would be poor. No

[(CHz)2PBH2ls + [CHa(Cols)PBH2]s

[(CHg)2PBH2 JoCHa (CoHs )PBH,  +  (CHg)2PBH2[CHa (CoHs )PBHz 12

(7)
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reorganization was observed to occur during 24 hrs. at 180°C. and only a few
per cent reorganization was observed at 320°C. in the same time.

(3) P-Cyclotetramethyleneborophane Polymer

The linear P-cyclotetramethyleneborophane polymer (formerly
believed to be P-tetrakis{cyclotetramethylene)tetraborophaned), which had been
prepared in the absence of excess base, was subjected to mild pyrolysis.

[CHa(CHp)aPBHp], — 2 o [CHo(CHp)sPBH2Ta (8)

Depolymerization gave as the principal product P-tris(cyclotetramethylene)tri-
borophane vwhich is compelling evidence for a linear configuration of the same
monomer units in the polymer.

() P-(3,3-Dimethylcyclotri-
methylene )borophane Polymer

The presumably linear P-(3,3-dimethylcyclotrimethylene)-
borophane (D.P. 5.9), prepared in the absence of excess base (vide supra), was
subjected to mild pyrolysis. Thermal depolymerization gave some P-iris-
(3,3-dimethyleyclotrimethylene )triborophane but the major product showed marked
spectral differences in the infrared. The data do not distinguish between a
linear polymer and one resulting from opening of the tetratomic phosphine ring.

4. Reactions of Linear Borophane
Polymers with Hydrogen Chloride

(1) P-Dimethylborophane Polymer

In two large-scale experiments attempts were made to
increase the molecular weight of P-dimethylborophane polymer by treatment with
hydrogen chloride. Although previous experiments® had shown large increases in
molecular weight, these results seemingly could not be duplicated, presumably
because of the erratic behavior of the Neumayer apparatus observed during
determination of the molecular weights.

(2) P-Methylethylborophane Polymer

P-Methylethylborophane polymer reacted with hydrogen
chloride with an increase in the molecular weight from 2260 to 3530. A film
cast from this material seemed no different than that cast from starting
material in that both films were britile.
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2. Cyclic Borophane Polymers

a. Characterization of 1,35,5-Tri-
methyl-1,3,5-triphenyltriborophane

1,3,5-Trimethyl-1,3,5-triphenyltriborophane, obtained as a
viscous liquid distillate after molecular distillation,9 crystallized on
standing. Since this material should be a mixture of stereoisomers an attempt
was made to isolate the individual components. After a cursory survey of
solubility in common solvents (Table VI), hexane was selected as the recrystal-
lizing solvent, Slow crystallization from this solvent gave two distinctly differ-
ent crystal forms which were isolated mechanically and used as seed crystals to
obtain larger quantities by fractional crystallization. The two materials,
which had essentially the same molecular weight (403 and 40O), showed marked
differences in melting point (126°C. and 81°C.). Infrared and elemental analyses
suggest that these compounds are the two stereoisomers. Separate solubility
curves (Fig. 2) for the two stereoisomers in hexane were determined from the
data in Table VII. A very small amount of a third crystal form was observed to
have a melting point (126°C.) and molecular weight (406) virtually identical
with one of the major components but was characterized as methylphenylphosphinic
acid by comparison with an authentic sample.

b. Preparation of P-Hexaneopentyltriborophane

Pyrolysis of crude dineopentylphosphine borine at 200°C. gave
a good yield of impure P-hexaneopentyltriborophane from which pure material
was isolated by fraction sublimation and crystallization in 30% yield. Whether
the source of a yellow glassy material obtained as a coproduct was from
impurities in the original adduct or the adduct itself was not determined.

[(CHg)3CCHp JoPH :BHg ———ig—éFm ([(CH3)aCCHo]oPBHp )3 + Hp (9)

c. Preparation of 1,3,5-Trinec-
pentyl-1,3,5~triphenyltriborophane

A mixture of the stereoisomers of 1,3,5-trineopentyl-l1,3,5-
triphenyltriborophane was prepared by pyrolysis of neopentylphenylphosphine
borine and separated by fractional crystallization. An attempt to prepare the
same material from sym-dineopentyldiphenylbiphosphine bis{borine) was
unsuccessful. —

d. Preparation of 1,3,5-Trimethyl-
1,3,5~tris(3-dimethylaminopropyl)triborophane

As part of a continuing effort to modify cyclic triborophane
compounds to use as monomers for laminating resins, the synthesis of an epoxy-
substituted triborophane was undertaken. Since the epoxy function is
incompatible with the RPH™ and BHs functions required as intermediates in the
usual syntheses of triborophanes, a compatible functional group which could be
converted to an epoxy group after synthesis of the triborophane was required.
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TABIE VII

Solubility of the Stereoisomers of 1,3,5-Trimethyl-
1,3,5-Triphenyltriborophane in n-Hexane

Solubility, g./100 g. Solvent

Temp., °C. m.p. 81°C. m.p. 126°C.
22.8 8.43 1.67
28.6 10.0k 2.08
34.5 12.15 2.78
39.5 17.24 3.29
k5.2 35.76 k.32
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A tertiary amine function exhibits the necessary reactivity and, accordingly,
was incorporated into the intermediate phosphine, methyl-3-dimethylaminopropyl-
phosphine which, in turn, was converted to the bis(borine) adduct.

Pyrolysis of pure methyl-3-dimethylaminopropylphosphine
bis(borine) produced the theoretical hydrogen based on equation(10) whereas less
pure sample yielded a greater quantity of hydrogen suggesting perhaps that
dissociation and subsequent degradation of the borine group associated with the
nitrogen had occurred.

n(CHg)oN(BHg )CallgP(BHg )HCHy ~ — 2 o

((CH3)2N(BHs)CaHe (CHs)PBH2), + nHp (10)

To attempt to isolate the triborophane derivative from the
resulting liquid product which probably contains the tetraborophane derivative
in addition to having tertiary amine functions both free and complexed with
borine, the mixture was hydrolyzed with hydrochloric acid. On basifying the
mixture the tertiary amine derivatives were obtained as a liquid mixture but the
quantity was too small to attempt separation of the tri- and tetraborophanes by
distillation.

[(CH3)2N(BH3)CaHg(CHa)PBH2 ]z + OHR0 e

[(CH3)2NCaHg(CHa)PBHJs + 3H3BOs + 9Hp  (11)

e. Attempt to Prepare & Derivative of
1,3,5-Trimethyl-1,3,5-tris{3-dimethyl-
aminopropyl)triborophane Suitable for
Fractional Crystallization

To simplify the characterization of the series of triborophane
derivatives leading to an epoxy-substituted triborophane, several attempts were
made to prepare a derivative of 1,3,5-trimethyl-1,3,5~tris{3-dimethylamino-
propyl)triborophane, which could be purified by fractional crystallization.

The problem is doubly difficult, first, because there are two stereoisomers of
the triborophane as well as a greater number of tetraborophane isomers which
may be present and, second, because of the trifunctionality of the triborophane
molecule,

An attempt to convert the crude tertiary triamine to the
tris{amine borine) was unsuccessful in that only an estimated 84% of the
diborane was complexed by the base resulting in a semi-solid mass. The
tris{ammonium chloride) and the tripicrate derivatives gave only oils on
attempted recrystallization. The quaternary tris(ammonium iodide) turned to
a sticky paste on attempted recrystallization as did the tris{ammonium tetra-
phenylborohydride) on attempts to coagulate the seemingly colloidal solid.
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Conversion of the crude amine function to the amine oxide (vide infra) again
gave a semi-solid which held methanol tenaciously.

f. Preparation of 1,3,5-Trimethyl-
1,3,5-triallyltriborophane

The formation of 1,3,5-trimethyl-1,3,5-tris(3-dimethylaminoxy-
propyl)triborophane from the crude amine appeared to proceed smoothly in
methanolic hydrogen peroxide. The thermal decomposition of the amine oxide
alsc proceeded well except that spparently before all three of the amine oxide
groups on a itriborophane ring have decomposed the molecule becomes more
volatile, and some amine oxide groups remain in the distilled 1,3,5-trimethyl-
1,3,5-triallyltriborophene. If the crude amine oxide is pyrolyzed without
allowing the olefin to distill from the reaction zone excessive resin formation
occurs, This phenomenon will be investigated further,

((CH3)2NCaHg(CH3)PBHz)a + 3Hz0z - e

4 (12)

[(CH3)2N(0)CaHg(CHa )PBH2 )3 + 3Hz0
[(CHa)2N(O)CaHo(CH)PBHzls  —onB

[CHo=CHCHo(CHs)PBHzJs + 3(CHg)oNOH (13)

g Preparation of B-Halo-substituted Triborophanes

(1) P-Hexamethyl-B-iodotriborophane

Two large-scale preparations of P-hexamethyl-B-iodotri-
borophane from P-hexamethyltriborophane and N-iodosuccinimide gave yields of
62 and 68%. In the larger preparation the sublimation residue was investigated
further and found to contain a new material (possibly a polyiodotriborophsene)
less volatile and higher melting than the iocdotriborophane,

[(CHs)2PBHzls + COCHoCHpCONI — o g
(14)

[(CH3)2PBHz]2(CHg ) 2PBHI  + COCH2CHoCONH

(2) P-Hexamethyl-B,B’-diiodotriborophane

Treatment of P-hexamethyltriborophane with two moles of
N-iodosuccinimide gave a complex mixture consisting of starting material and
partially iodinated triborophanes. Fractional crystallization eventually
provided & small quantity of a pure P-hexamethyl-B,B’-diiodotriborophane which
was characterized by elemental analysis and molecular weight although the
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stereoisomerism of the halogens has not been resolved.

{(3) Attempt to Prepare P-Hexa-
methyl-B-hexaiodotriborophane

Employing the procedure recently reported for the
preparation of P-hexaethyl-B-hexaiodotriborophane, P-hexamethyltriborophane was
treated with excess iodine in boiling ethyl iodide. As determined by molecular
weight measurement a mixture of only partially iodinated materials was formed,

(4) P-Hexamethyl-B,B’'-dibromotriborophane

A large-scale preparstion of P-hexanethyl~B,B'-dibromotri-
borophane from P-hexamethyltriborophane and N-bromosuccinimide utilizing nearly
the same procedure as previously describedll provided the product in high yield
contaminated with small amounts of by-product P-hexamethyl-B-bromotriborophane
and P-hexamethyl-B,B',Bﬁtribromotriborophane. The mixture was separated into its
components by preparative vapor phase chromatography and the dibromo fraction
was separated further by fractional crystallization into two isomeric compounds.

(5) P-Hexamethyl-B,B,B’,B"-
tetrabromotriborophane

P-Hexamethyltriborophane reacts with four equivalents of
N-bromosuccinimide to give in low isolated yield a tetrabromo-derivative
indicated by infrared analysis to be a stereocisomer of P-hexamethyl-B,B,B',B”-
tetrabromotriborophane.

(6) P-Nonamethyl-B-bromobicyclo[k.4.0]-
pentaborophane Isomers

N-Bromosuccinimide reacted with P-nonamethylbicyclo-
[4.%.0pentaborophane at room temperature to give a mixture from which two
monobrominated derivatives were isolated by fractional crystallization

[(CHs)oPBHo]4CH3PBH + COCHoCHoCONBY &~ —— o e

[(CHa)2PBHo s (CH3 ) oPBHBr JCHgPBH + COCHoCHZCONH (15)

Recrystallization of the more abundant (35.4% yield) and higher melting

{m.p. 143-144°C.) isomer from methanol provided a material sufficiently pure
for structure elucidation by X-ray crystallography. The infrared spectrum of
the higher melting bromo-substituted isomer was virtually identical with that
of the lower melting B-iodo-substituted isomer of P-nonemethylbicyclolhk.4.0]-
pentaborophane® strongly suggesting that the halogens are on the same boron
atom and in the same stereochemical configuration. The infrared spectrum of
the less abundant (16.1% yield) and lower melting (m.p. 123.5-125.0°C.)
isomer was closely similar to that for the higher melting P-nonamethyl-B-
iodobicyclolk.4.0lpentaborophane isomer; again suggesting that the halogens
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occupy the same stereochemical position in the molecule,

(7)  P-Hexamethyl-Poly-B-Chloro-triborophanes

P-Hexamethyltriborophene and N-chlorosuccinimide in a
1:3 molar ratio reacted during 6 hrs. in carbon tetrachloride to give a
mixture of 8.86% dichloro-, 45,3% trichloro-, 39.3% tetrachloro-, 3.3% penta-
chloro-, and 0.44% hexachloro-derivatives which on attempted separation by
preparative vapor phase chromatography were contaminated with gross quantities
(10-15%) of unknown materials retained in the instrument, ‘

h, Preparation of Other B-Substituted P-
Hexamethyltriborophanes from B-Halo-Derivatives

(1) Carboxylate Derivatives

(a) P-Hexamethyl-B-formoxytriborophane

Treatment of P-hexamethyl-B-iodotriborophane with
silver formate in refluxing benzene provided a crude mixture containing s
carbonyl compound found to be P-hexemethyl-B-formoxytriborophane,

E(Gﬁs)2935232(333)29333 + AgQOCH —

[(CH3)2PBHo Jo(CHa ) oPBHOOCH + AgI (16)

Vapor phase chromatographic analysis of the mixture indicated that it contained
nearly 80% starting material. Fractional crystallization produced impure
P-hexamethyl-B-formoxytriborophane which was identified by comparison of its
infrared spectrum with that of a more fully characterized sample prepared using
dimethylformamide {vide infra). The poor quality silver formate was believed to
be responsible for the mixture because the reaction was incomplete.

To prove conclusively that both the product obtained
from P-~hexamethyl-B-iodotriborophane and silver formate and the by-product
obtained from many reactions performed in dimethylformamidel® golution was
P-hexamethyl-B-formoxytriborophane, P-hexamethyl-B-iodotriborophane was heated
at 100°C, for 5 hrs, with 90% aqueous dimethylformamide. P-Hexsmethyl-B-
formoxytriborophane was obtained in 67.2% yield and fully characterized by
infrared and elemental analyses and molecular weight. A proposed mechanism
for this reaction is as follows:
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0 : 0~

(CHs)aNCH = w  (CHp)alN=CH (17)
+ 9 .
=B-I + (CHg)aN=CH = == = B-OCH=N(CHz)z + I~ (18)
0
~. + ~—— i +
;B-OCH=N(C}L3)2 + Ho0 #= — B-OCH + (CHs ) oNHs (19)

To lend support to this proposed mechanism for the
1nmeractlon of halotriborophanes, amides, and water and to broaden the scope of
this new reaction, P-hexamethyl-B-icdotriborophane was treated at 100°C, for
19 hrs, with aqueous formamide. P-Hexamethyl-B-formoxytriborophane was obtained
in approximately 63% yield along with unreacted starting material. After
recovery of the formoxy-derivative, ammonium ion was identified in the filtrate
by liberation of ammonia on basification and a positive Nessler's Reagent Test.'4
Iodide ion was identified by precipitation as the yellow-colored silver iodide.

P-Hexamethyl-B-iodotriborophane reacted completely
with aqueous formic acid to give degradation products rather than the formoxy-
derivative, Infrared analysis of the ill-defined degradation products showed
boric acid as the only identifiable material.

(b) P-Hexamethyl-B-acetoxytriborophane

P-Hexamethyl-B-iodotriborophane was treated with
silver acetate in a refluxing benzene solution to provide a T3% yield of
P-hexamethyl-B-acetoxytriborophane., The structure of the product was confirmed
by its infrared spectrum with characteristic absorption bands at 1700 em-t
(c=0), 1368 cm~! (CHs-C) and 1050 em=* (B-0-C).

((CHg)oPBH Jo(CHs )oPBHI  +  AgOOCCHg -

[(CHz)oPBH2]2(CHg ) oPBHOOCCH;  + Agl (20)

Sodium acetate, in refluxing ethanol, failed to
react with P-hexamethyl-B-bromotriborophane in an attempt to replace the
bromlne with an acetoxy group. P-Hexamethyl-B-bromotriborophane was recovered
in 91% yield.

The failure of sodium acetate to react to form the
B-acetoxy compound and the success with silver acetate suggests a mechanism
which based on the insolubility of the silver iodide would regquire silver ion
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to first complex with the halide, thus weakening the B-X bond allowing for
displacement by acetate ion. An alternative mechanism might be envisioned
whereby iodide ion is first removed by silver ion leaving a triborophane cation
which would then react with acetate ion.

P-Hexamethyl-B-iodotriborophane reacted with aquecus
dimethylacetamide, in a manner similar to its reaction in aqueous dimethyl-
formamide, to provide P-hexamethyl-B-acetoxytriborophane in low ylelds (2,2
and 22'34%3. The resson for the low yields was not apparent since reaction
conditions and the work-up procedure were essentially the same as in the
preparation of the formoxy-derivative, In one experiment, conducted in a
sealed tube under vacuum, the moderate quantity hydrogen obtained as by-product,
suggests that decomposition of the triborophane nucleus may have occurred,
Comparison of infrared spectra, melting points and mixture melting points
confirmed the structure of the product as the same acetoxy-triborophane derived
from P-hexamethyl-B-iodotriborophane and silver acetate,

(¢) B-Hexamethyl-B-benzoxytriborophane

P-Hexamethyl-B-iodotriborophane reacted with silver
benzoate (in the same manner indicated in equations 16 and 20) in refluxing
benzene to provide an 86% yield of P-hexamethyl-B-benzoxytriborophane, The
trace of benzoic acid found on purification of the product was believed to have
been present in the silver benzoate. Definitive characterization of the
benzoxy-derivative was made by elemental analysis, molecular weight and inter-
pretation of its infrared spectrum which displayed normal benzoate absorption
bands at 1690 em-! (C=0), 1297 and 1127 cm™} (CgHgCOO0) and 1050 cm™* (B-0-C).

(a) Attempt to Prepare Bis(P-hexamethyl-
B-iodotriborophyl) Adipate

In an unsuccessful attempt to link two triborophane
rings through a di-ester, P-hexamethyl-B-iodotriborophane was heated at 100°C,
for 8 hrs. and at 150°C. for 15 hrs. with aqueous adipamide., Two unknown
materials, the nature of which was not established, were obtained and neither
displayed carbonyl absorption bands in their infrared spectra.

(2) B-Aryl- and B-Alkyl-Derivatives

(a) P-Hexamethyl-B-phenyltriborophane and
P-Hexamethyl-B,B’-diphenyltriborophane

P-Hexamethyl-B-icdotriborophane was heated with an
ethereal solution of phenylmagnesium bromide at 125°C, in a sealed tube for
15 hrs., Sublimstion of the crude reaction product ylelded biphenyl and
P-hexamethyl-B-phenyltriborophane (2.2% yield).
[(CH3)oPEH2 Jo(CHg)2PBHI  + CgHsMgBr e
[(CHa)2PBH2 Jo(CHs )oPBHCHs + MgBrl (21)
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After hydrolysis of the sublimation residue, further sublimation yielded
materials containing monophenyl- and diphenyltriborophanes from which only
P-hexamethyl-B,B’-diphenyltriborophane (8.7% yield) could be recovered in a

pure state. These results are in contrast to those previously reported® wherein
less vigorous conditions were used and 96% recovery of starting material was
obtained.

{b) P-Hexamethyl-B-ethyltriborophane

P-Hexamethyl-B-iodotriborophane and diethylzinc on
heating at 100°C. for 10 hrs. gave a complex mixture consisting of 46.8%
P-hexamethyltriborophane, 39.3% P-hexamethyl-B-ethyltriborophane, 1.3% P-hexa-
methyl-B,B’'-diethyltriborophane and 0.2% P-hexamethyl-B,B’,B”-triethyltri-
borophane. The monoethyl-derivative was separated and purified by preparative
vapor phase chromatography and characterized by elemental analysis, molecular
weight, and infrared spectrum.

(¢) P-Hexamethyl-B-Poly-Methyltriborophanes

A mixture of partially B-chlorinated P-hexamethyl-
triborophanes was heated at 110°C. with dimethylzinc for 9 hrs. Sublimation of
the residue after removal of excess dimethylzinc separated the material into
three fractions. Preparative vapor phase chromatographic separation of these
sublimates provided samples of each of the B-methyl substituted P-hexamethyl-
triborophanes suitable for purification by fractional crystallization.

(3) Miscellaneous B-Substituted Derivatives

(a) P-Hexamethyl-B-cyanotriborophane

A larger scale preparation of P-hexamethyl-B-
cyanotriborophane by the method employed previously!® yielded a product which
analyzed 97.9% P-hexamethyl-B-cyanotriborophane, 0.2% P-hexamethyltriborophane,
1.6% P-hexamethyl-B-iodotriborophane and 0.3% P-hexamethyl-B,B’-diiodotri-
borophane,

(1] Attempt to Hydrolyze
P-Hexamethyl-B~cyanotriborophane

In an attempt to hydrolyze the cyano function
to form a carboxy group, P-hexamethyl-B-cysnotriborophane was heated in aqueous
sodium hydroxide for 18 hrs. at 110°C. and 24 hrs. at 150°C. in a sealed tube.

[(CH3)2PBHs Jo(CH3 )oPBHCN 4+ 2Hp0 ey
((CHg)oPBHo Jo{ CHg ) oPBHCOOH + NHg {22)

On work-up there were obtained hydrogen, a trace of methane, silicon dioxide
(arising from reaction with the glass tube) and a T0% recovery of starting
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material. In a second experiment, addition of ethanol to the basic medium to
increase the solubility of the triborophane did not promote hydrolysis as s 91%
recovery of starting material was obitained after similar heat treatment,

Treatment of P-hexamethyl-B-cyanotriborophane
with concentrated hydrochloric acid heated to reflux failed to effect hydrolysis
‘of the cyano group although only 46% of the starting material was recovered.

That the triborophane nucleus was destroyed was confirmed in a second experiment

vherein the cyano-derivative was heated with concentrated hydrochloric acid in
‘a sealed tube at 155°C. for 36 hrs, to produce only water soluble products and
91% of the hydrogen indicated by equation 23,

{ CHs )3?33335CN + 15HZ0 e

3{CHg)oPOOE + HCN + 3HgBOs + 11Hp (23)

Attempted hydrolysis employing sulfuric acid
in water and acetic sacid under refluxing conditions also appeared to degrade
the triborophane ring as neither the expected product or starting material was
detectable.

P-Hexamethyl-B-cyanotriborophane failed to
react with alkaline hydrogen peroxide in an attempted hydrolysis to the amide-
derivative and was recovered in 92.0% yield.

[2] Attempt to Reduce P-Hexa-
methyl-B-cyanotriborophane

Lithium aluminum hydride in refluxing tetra-
hydrofuran failed to reduce P-hexamethyl-B-cyanotriborophane which was recovered
in 98% yield. The small amounts of P-hexamethyl-B-iodotriborophane (1.6%) and
P-hexamethyl-B,B’-diiodotriborophane (0.3%) present in the starting material
were reduced to P-hexamethyltriborophane during the reaction.

[(CH3) 2PBHZ ]o( CHg ) oPBHCN ——

[(CHs ) 2PBHp J2( CHg ) 2PBHCHZNH, (2b)

Three unsuccessful attempts were made to
reduce P-hexamethyl-B-cyanotriborophane with diborane. In the first two
experiments, one using tetrahydrofuran as sclvent and one without solvent the
starting material was recovered in 98.0% and 87.6% yield, respectively, and
identified by vapor phase chromatographic analysis. In a third exploratory
experiment in which the borine-cyanotriborophane adduct was first prepared in
‘pentane solution, isolated, and then pyrolyzed at 200°C. a surprisingly large
quantity of P-hexamethyltriborophane was found. This material could only have
formed by reductive cleavage of the cyano group. No evidence for reduction of
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The cyano group to an aminomethyl group was found. Approximately 38% of the
P.hexamethyl-B-cyanotriborophane was recovered.

2[(CHz )oPBH2 Jo(CHg )oPBHCN + BolHg ——zpae  2[ (CHs )oPBHs o (CHg )oPBHCN:BHs  (25)
[(CHg)2PBHe Jo(CHg )sPBHCN: By —2 g [(CHy)oPBHnls + (BHCN), (26)

(b) Attempt to Prepare P-Hexa-
methyl-B-hexacyanotriborophane

P-Hexamethyl-B-hexachlorotriborophane failed to
regcet with silver cyanide during 11 hrs. in refluxing diglyme solution and was
recovered in 80.6% yield,

(e) P.Hexamethyl-B-isocyanatotriborophane

P-Hexamethyl-B-iodotriborophane reacted with
potassium cyanate in dimethylformamide to provide an 85% crude yield of
P-hexamethyl-B-isocyanatotriborophane. The product was accompanied by a small
amount of side reaction product, P-hexamethyl-B-formoxytriborophane resulting
from interaction of the iodotriborophane, dimethylformamide and a trace quantity
of water present in the solvent (vide supra). The infrared spectrum showed a
characteristic band at 2280 em-* (N=C=0) confirming the structure assigned to
this material.

Treatment of P-hexamethyl-B-iodotriborophane with
silver cyanate in benzene at 40-50°C. provided a 55.4% yield of P-hexamethyl-
B-isocyanatotriborophane admixed with starting material. A similar experiment
using silver cyanate in refluxing acetonitrile failed to give P-hexamethyl-B-
isocyanatotriborophane., Apparently the conditions were sufficiently severe to
decompose the triborophane since no solid product was obtained.

(1] Reaction with Diethylamine.
P-Hexamethyl-B-(3,3-diethylureido)-
triborophane

P-Hexamethyl-B-isocyanatotriborophane reacted
with diethylamine at 100°C. to provide a 94, 6% crude yield of the borourea,
P-hexamethyl-B-(3,3-diethylureido )triborophane.

[(CHg)2PBHz J2(CHg )2PBHNCO  +  (CoHg)oNH e
[ (CHg )2PBHz Jo(CHg ) 2PBHNHCON (C2Hs )2 (21)

Considerable difficulty in purification reduced the pure yield substantially.
Although the observed molecular weight was high (perhaps due to association
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through hydrogen bonding) the infrared absorption bands observed at 3460
(m, N-H), 1628 (vs, €=0) and 1493 cm-! (vs, N-H bending) substantiate the
assigned struchure.

[2] Reaction with Phenol

P-Hexamethyl-B-isocyanatotriborophane failed
to react with phenol at 100°C. but at 200°C. an apparent reduction reaction
occurred to provide a mixture containing significant amounts of P-hexamethyl-B-
cyanctriborophane as indicated by infrared and vapor phase chromgstographic
anglyses. The data do not eliminate the possibility that an isomerization to
the cyanato-derivative may have occurred. Because of the unusual nature of the
reaction and the difficulty encountered in analyzing the mixture due to the
similar volatilities of the components, a confirmatory experiment will be
required.

(d) Attempt to Prepare P-Hexamethyl-
B,B’-diisocyanatotriborophane

P-Hexamethyl-B,B‘-dibromotriborophane failed to
react with potassium cyanate in boiling absolute ethancl and was recovered in
90.5% yield.

(e) P-Hexamethyl-B-thiocyanotriborophane or
P-Hexamethyl-B-isothiocyanatotriborophane

P-Hexamethyl-B-iodotriborophane reacted readily with
potassium thiocyanate at 100°C, in dimethylformemide to provide an 85%
crude yield of a compound which showed a strong absorption band in the infrared
at 2120 cm~t. Derivatives of this material must be prepared to establish
whether it is P-hexamethyl-B-thiocyanotriborophane or the corresponding B-iso-
thioccyanato compound.

(f) P-Hexamethyl-B-mercaptotriborophane

P-Hexasmethyl~B-iodotriborophane was heated under
reflux in an ethanolic potassium hydrosulfide solution saturated at all times
with hydrogen sulfide to provide crude P-hexamethyl-B-mercaptotriborophane
contaminated with starting material. A similar reaction of P-hexamethyl-B-
bromotriborophane, with sodium sulfide nonahydrate in dimethylformamide at
100°C. was found to give hydrogen, a trace of methane and P-hexamethyl-B-
mercapbotriborophane characterized by its infrared spectrum, molecular weight
and volatility.

{(CHg)2PBH2]o(CH )oPBHX + KHS & g
[(CHg)oPBHo o(CHz )2PBHSH + KX (28)

When analyzed by vapor phase chromatography at 250°C. the material appeared
t0 be nearly pure but the analytical data are subject to doubt because of the
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similar retention time of the bromo-derivative used as starting material; at
300°C. the material apparently underwent extensive thermal decomposition on the
chromatographic column.

{g) P-Hexamethyl-B-methanethiotriborophane

P-Hexamethyl-B-iodotriborophane reacted smoothly with
sodium methanethiolate in refluxing ethanol to give a 92% yield of P-hexamethyl-
B-methanethiotriborophane characterized by elemental analysis and molecular
weight. Oxidation of P-hexamethyl-B-methanethiotriborophane with 30% hydrogen
peroxide gave a complex mixture found to consist of five components by vapor
phase chromatography. Two strong, well-defined absorption bands in the infrared
at 1093 cm™' and 1228 cm-! was strong evidence that the major and least volatile
component (70.0%) of the mixture was the desired sulfone. Unfortunately the
bulk of the product was lost in an attempt to isolate the major component by
preparative vapor phase chromatography.

(h) Reduction of P-Hexamethyl-B-bromo-
triborophane with Lithium Aluminum Hydride

P-Hexamethyl-B-bromotriborophane was reduced to
P-hexamethyltriborophane with lithium aluminum hydride in refluxing ether to the
extent of about 13%. The reduction product was not isolated but was identified
by vapor phase chromatography. P-Hexamethyl-B-bromotriborophane was the only
other constituent found on chromatographic analysis of the volatile part of the
reaction mixture.

(i) P-Hexamethyl-B-fluorotriborophane

Treatment of P-hexamethyl-B-chlorotriborophane with
potassium fluoride in sulfur dioxide at 80°C. failed to give the monofluoro-
triborophane derivative, and starting material was recovered in 87.1% yield.
There is question whether potassium fluorosulfite actually formed since little of
the potassium fluoride had dissolved. In the reaction of P-hexamethyl-B-bromo-
triborophane with potassium fluoride in ethylene glycol at 100°C. during & hrs.

a crude reaction product was obtained and shown by vapor phase chromatographic
- analysis to contain 8.6% of a component having volatility intermediate between
P-hexamethyltriborophane and P-hexamethyl-B-chlorotriborophane.

[{CHg)oPBHo ]o(CHg ) oPBHBr + KF  ———pnen

[(CHg)2PBHz ]o(CHs ) oPBHF + KBr (29)

The material is assumed to be P-hexamethyl-B-fluorotriborophane but definitive
characterization must await preparation and isolation of a larger quantity of
pure material.
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(3) Attermpt to Prepare P-Hexa-
methyl-B-ethoxytriborophane

Treatment of P-hexawmethyl-B-iodotriborophane with an
ethanolic solution of sodium ethoxide under reflux failed to give the B-ethoxy
derivative. An 80% recovery of starting material was achieved,

(k) Attempt to Prepare P-Hexamethyl-B-
[ B- (P-hexamethyltriborophyl) Jtriborophane

Treatment of a refluxing ethereal solution of
P-hexamethyl-B-iodotriborophane with sodium gave a complex mixture consisgting of
P-hexamethyltriborophane, presumably arising from a reduction regction,
starting material and small guantities of a slightly volatile crystalline solid
vhich may be the desired P-hexamethyl-B[B-(P-hexamethyltriborophyl)triborophane.
Further work will be necessary to identify this product,

(1) Attempt to Prepare P-Hexamethyl-B-
(N-pentamethylborazyl)triborophane

N-Lithiopentamethylborazene, prepared from
N-dimethyl-B-trimethylborazene and ethereal methyllithium, was treated with
P-hexamethyl-B-iodotriborophane in an atitempt to prepare a borazyltriborophane
derivative. No reaction occcurred and the triborophsne was recovered in 90, 6%
vield.

i, Reactions of P-Hexamethyliriborophane

(1) With Trimethylaluminum and Iodine

P-Hexamethyltriborophane was treated with trimethylaluminum
and iodine at 125°C. for 12 hrs. Vapor phase chromatographic analysis of the
crude product showed it to consist of 96.3% P-hexamethyltriborophane, 2.7 %
P-hexamethyl-B-methyltriborophane, and 1.0% P-hexamethyl-B,B’'-dimethyltri-
borophane., The products are presumed to have formed by iodination of the
triborophane followed by methylation with trimethylaliminmum, although this
experiment alone does not preclude direct attack by an intermediate

(CHz )3-nAll, compound.

(2) Reaction of P-Hexamethyltriborophane
with Aluminum and Organic Halides

Treatment of P-hexamethyltriborophane with aluminum metal
and methyl iodide at 125°C., for an extended period of time resulted in the
formation of a volatile solid product which had none of the characteristics of
the expected methylated triborophanes. Instead, it appeared to be a much more
reactive material, darkening in color on standing, and decomposing s.nd/csr
absorbing on the chromatographic column. The infrared spechtrum, decidedly not
the starting material or expected products, displayed sbsorption bands
characteristic of the P-methyl and B-hydrogen groups. No structure could be
assigned to the product.
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Heating of P-hexamethyltriborophane at 125°C. for 110 hrs.
in the presence of aluminum metal and ethyl bromide resulted in the conversion
of 13.7% of the triborophane into its B-monobromo-derivative, as determined by
vapor phase chromatography.

In an attempt to arylate the triborophane nucleus in a
one-step method, P-hexamethyltriborophane was heated at 125°C. with aluminum
metal and iodobenzene. No product other than starting material, recovered in
TT% yield, was detected.

(3) With Maleic Anhydride and Acetic Anhydride

Both maleic anhydride and acetic anhydride react
destructively with P-hexamethyltriborophane at 180°C. Carbon dioxide, hydrogen,
and starting material were the only identifiable materials isolated from these
reactions. In each case black residues of unknown constitution were formed.

(4) With Ethylene Oxide

An aluminum chloride catalyzed condensation of ethylene
oxide with P-hexamethyltriborophane to yield P-hexamethyl-B-hexaethoxytri-
borophane failed to occur at 110°C. Instead, polyethylene oxide was formed
and recovery of P-hexamethyltriborophane was nearly guantitative.

(5) With Potassium Permanganate

In an attempt to introduce a B-~hydroxy function into the
triborophane ring, P-hexamethyltriborophane was oxidized with potassium
permanganate., Complete rather than partial oxidation occurred according to the
stoichiometry of equation 30,

[(CHg)oPBHpls + O6HMNOg -~

3(CH3)2POOH + 3B(OH)s + 8MnOp + Hz0 (30)

(6) With Picric Acid

P-Hexamethyltriborophane was added to a saturated
ethanolic solution of picric acid to determine if characteristic derivatives
could be prepared, The mixture was allowed to stand at room temperature for
24 hrs. without any observable change in the solution or precipitation. On
work-up by cooling and/or adding water to the mixture, 55% of P-hexamethyltri-
borophane was recovered unchanged. However, a trace amount of unknown material
with a melting point differing from the starting materials was recovered.
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3. Preliminary Study of the Colored Complexes
Derived from Triborophanes and Various
Organometallic Compounds with Tetracysnoethylene

Preliminary studies have shown that triborophanes and tetra-
cyancethylene give yellow-to-brown colored solutions in methylene chloride,
possibly the result of the formation of molecular complexes. Similar treatment
of a number of organometallic compounds resulied in the formation of highly
colored solutions believed alsoc to indicate the formation of molecular complexes.
For example, organophosphorus compounds gave red colored solutions, organo-tin
derivatives gave yellow solutions and organosilanes gave yellow-to-pink colored
solutions. Ultraviolet and visible spectral studies may indicate whether this
reagent will give molecular complexes and establish whether there are signifi-
cant spectrsl differences among the various triborophanes.

XK. Spontaneous Igunition Temperatures of
Some Triborophanes

Spontanecus ignition temperatures of various triborophanes vere
obtained using the procedure previously describedl®, The data obtained are shown
in Table VIII.

A regularly increasing trend in spontanecus ignition temperature
with increasing molecular weight was noted in the homologous series of P-tri-
methyl-P-trialkyltriborophanes with the exception of the methyl- and octyl-
derivatives. Relative to the others these two compounds were extensively
purified which is believed to account for the considerably higher ignition
temperatures observed.

As anticipated on theoretical grounds the triborophanes
containing boron-oxygen bonds were found to be slightly less oxidatively stable
than the standard P-hexamethyltriborophane with the exception of the B-benzoxy-
derivative which has much greater molecular weight and lower volatility.
P-Hexamethyl-B-cyanotriborophane, however, was observed to have increased
oxidative stability, supporting the premise that a B-hexacyanotriborophane
would have an extremely high degree of thermal and oxidative stability.

3. Phosphine Borines

a. Preparation of 1,3-Trimethylene-
P,P’-bis(methylphosphine borine)

An essentially gquantitative yield of l,}-trimethylene-?,?’-
bis(methylphosphine borine) was prepared by treating 1,3-bis(methylphosphino)-
propane with diborane. This material was used as the starting material for a
series of experiments in which its pyrolysis product, P-methylsesquimethylene-
borophane polymer, was used as a candidate laminating resin.
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TABLE VIII

Spontaneous Ignition Temperatures of Some Triborophanes

Compound Ignition Temp., °C.

[{CHs)2PBHz 13 255
[(CH3(C2Hg )PRH2 15 220
[CH3(CaH7)PBHz 13 225
(CH3(C4Hg)PBH2 1a 245
[CHz(CgH,, )PRHo s 265
(CHg(CeHy3)PBH2 3 285
(CHg(C7H,5)PBHz 13 295
(CHa(CgH;7)PBHz 13 405
[CH3(CgHs)PBHzlz  (m.p. 126°C.) 295
(m.p. 81°C.) 295
[(CoHs)2PBH2 1 240
[(neo-CsH;, )2PBHz s 295
[neo-CsH;1(CelHs)PBHols  (m.p. 191°C.) 325
{m.p. 10k°C.) 325
[ (CH3)2PBHz ][ (CH3 ) 2PBH(00CH) ] 225

[(CHa)2PBH2 ]2l (CHs ) 2PBH{OOCCHz) ] 235-2U5
[(CHs)2PBHo ]2 (CHs ) 2PBH(00OCCeHs ) ] 285
((CHa)2PBH2 ]2[ (CHg ) 2PBHCN] 275
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b. Preparation of Dineopentylphosphine
Borine and Neopentylphenylphosphine Borine

Treatment of samples of dineopentylphosphine and necpentyl-
phenylphosphine with excess diborane resulted in quantitative conversion to the
respective adducts, dineapeatylyhosphlne borine and necpentylphenylphosphine
borine,

¢. Preparation of Methyl-3-dimethyl-
aminopropylphosphine Bis(borine)

The addition of equimolar quantities of methyl-3-dimethyl-
aminegrapylphosphine and diborane proceeds rapidly and quantitatively to
give the crystalline adduct, methyl-3-dimethylaminopropylphosphine bis-
(borine). A less clear-cut reaction, which presumably was incomplete, was
observed in pentane solution,

L, Organophosphines

a. Preparation of 1,3-Bis(methylphosphino)propane

A new supply of 1,3-bis(methylphosphino)propane was prepared in
75% yield and high purity as previously describedl? from sodium methylphosphinide
and 1,3-dibromopropene for use as an intermediate in the preparation of a
laminating resin,

b. Preparation of 3,3-Dimethyl-
cyclotrimethylenephosphine

3,3-Dimethylcyclotrimethylenephosphine, the first known example
of this type of tetratomic ring system, was prepared from sodium phosphinide
and 1,3-dibromo-2,2-dimethylpropane, in 97% crude yield.

CHo
(CHs)2C(CHzBr)z + 2NaPHp ——  (CHa)2C CPH + PHo + 2NeBr  (31)
CHz

The thermal instability of this cyclic phosphine was observed in three pre-
liminary experiments wherein the product was isolated only if maintained at
low temperature (ca. -50°C.). Exposure to higher temperatures resulted in some
apparent polymerization presumably by ring opening. An attempt to obtain a
vapor tension curve confirmed the instability of this phosphine. The pure
product was isolated in only 20% yield and characterized by infrared spectrum,
vapor density molecular weight {calecd., 102.1, found 103.1), and by formation
of the borine adduct.

¢. Preparation of Methyl-3-dimethylaminopropylphosphine

In the continuing effort to prepare & triborophane carrying
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a functionally substituted alkyl group, methyl-3-dimethylaminopropyl-

phosphine assaying 99% pure was synthesized as an intermediate from sodium
methylphosphinide and 3-dimethylaminopropyl chloride hydrochloride in 49 and 61%
yields, respectively.

C1l(CH2)aN(CHg)orHCL + 2NaPHCHg — meeeeeime
CHaHP(CHz)aN(CHg)z + CHaPHp + 2NaCl (32)
An attempt to introduce the two phosphorus substituents in reverse order,
starting with sodium phosphinide and 3-dimethylaminopropyl chloride hydro-
chloride followed by methylation, gave only a 4% yield of the secondary

phosphine.

d. Preparation of Methyl-f-
hydroxyethylphosphine

A new functionally substituted secondary phosphine, methyl-
B-hydroxyethylphosphine, has been prepared in 50% yield from sodium methyl-
phosphinide and ethylene oxide for possible use as an intermediate in the
preparation of a laminating resin.

e, Attempt to Prepare Methyl-2-
(benzyloxy)ethylphosphine

To prepare a triborophane carrying a hydroxy substituted alkyl
group, which might be useful as a cross-linking function, a protective group
must be used to prevent reaction to the protonic and hydridic functional
groups. Unsuccessful attempts were made to prepare methyl-2-(benzyloxy)-
ethylphosphine, in which the benzyloxy function acts as the protective group,
from either sodium methylphosphinide, ethylene oxide and benzyl chloride
under two sets of reaction conditions or from sodium methylphosphinide and
l-chloro-2-benzyloxyethane,

f. Attempt to Improve the Organo-
phosphine Synthetic Process I

In an attempt to improve Process I'*® for preparing organo-
phosphines used as intermediates in the production of bench-scale guantities
of boron-phosphorus compounds, it was found that liquid ammonia is required
only to produce the intermediate sodium phosphinide (Equation 55)- Upon
replacement of liquid ammonia by toluene at this stage, alkylation to form
methylphosphine was accomplished in an estimated 85% yield.

PHy + N8 —oomepe NaPHs + 3Ho (33)

NaPHo + CHgBI ————pme CHsPHs + NaBr (34)
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An attempt to substitute toluene for liguid ammonia in the first step was
unsuccessful becsuse the required sodium phosphinide intermediste failed to
form readily in toluene,

g. Preparation of Tris-
{dimethylemino Jphosphine

Tris({dimethylamino )phosphine was prepared from phosphorus
trichloride and dimethylamine in 71.3% yield and used for calihration of the
gas chromatograph.

h, Preparation of Dimethylaminoneopentylphenyl-
phosphine and Dimethylaminodineopentylphosphine

For the purpose of preparing triborophane derivatives with
improved oxidative sta’ci}.i%y relative to P-hexamethyltri‘scrophane , breparation
of a series of intermediates leading to neopentylphenyl- and dineopentyl-
phosphines was initiated., Presumably the greater steric requirements of these
two substituents should provide oxidizing agents less ready access to the
triborophane ring, Accordingly, dimethylaminophenylchlorophosphine was
prepared by partial dimethylaminolysis of phenyldichlorophosphine and converted-
to dimethylaminoneopentylphenylphosphine by reaction with neopentylmagnesium
chloride. In the same manner, dimethylaminodineopentylphosphine was synthesized.
by reaction of dimethylaminodichlorophosphine with the neopentyl Grignard .
reagent,

i. Attempt to Prepare o-Bis(dimethylamino)-
phosphinobenzyl Methyl Ether

(1) o-Iithiobenzyl Methyl Ether

Three preparations of o-lithiobenzyl methyl ether'®
from n-butyllithium and o-bromobenzyl methyl ether were made for use as an .
intermediate in the preparation of 2 ,3-‘bensocyclotrimethylenephosphine‘ The
ultimate objective is to determine if a borophane with a tetratomic phosphorus-
containing heterocyclic substituent will promote formation and stabilizatian
of linesar borophane ;olymers‘ :

The product was characterized by convérsicn to the
o-methoxylmethyl benzoic acid and phthalide derivatives (Equation 35).

HoOCHs o CH-OCHg - CHZ0H
2 .
——eam——— e a———————
L H+ COOH CHaCOOH COOH
CHp
e . o (35)
' c
]
4]



(2) o-Bis{dimethylamino)phosphino-
benzyl Methyl Ether

An unsuccessful attempt was made to synthesize o-bis-
(dimethylamino)phosphinobenzyl methyl ether from o-bromobenzyl methyl ether and
bis{dimethylamino)chlorophosphine for use as an intermediate in the preparation
of 2,3-benzocyclotrimethylenephosphine. When synthesized, this phosphine will
be used to obtain confirmatory evidence for formation of linear borophane
polymers promoted by the tetratomic phosphorus-containing heterocyclic
substituent,

J. Preparation of Neopentylphenylchloro-
phosphine and Dineopentylchlorophosphine

The dimethylamino blocking groups in dimethylaminoneopentyl-
phenylphosphine and dimethylaminodineopentylphosphine were readily removed by
reaction with anhydrous hydrogen chloride to give the respective chlorophosphines
in 59% and T4% yields.

k. Preparation of Neopentylphenyl-
phosphine and Dineopentylphosphine

Addition of neopentylphenylchlorophosphine to ethereal
lithium aluminum hydride produced primarily neopentylphenylphosphine with some
sym-dineopentyldiphenylbiphosphine whereas the reverse addition of reagents
gave only the biphosphine derivative. Unexpectedly the reverse addition of
lithium aluminum hydride to dineopentylchlorophosphine produced dineopentyl-
phosphine rather than the biphosphine derivative.

RoPCl + LiAlHy; —— g  RoPH + RoPPRo + LiAlCl, + HC1 (36)

1. Preparation of Disubstituted
Aromatic Phosphorus Compounds

To prepare p-bis(methylphosphino)benzene®©’2! by an
independent synthesis, the following sequence of reactions was undertaken:

(CHg)2NCHaPCl + p-CgHglip ———om P-[(CH3)2N033P12C6H4 (37)

(1) Hz0
P
(2) H202 or HIOS

p-[(CHs) 2NCHaP ]2CeHy p-(CH3POOH )CgHy (38)

p-(CH3POOH) 2CsHy (1) S0C12 S p-(CHgPH) 2CeHa (39)
(2) LiAlH,
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p-Bis(dimethylaminomethylphosphino)benzene (Equation 37) was not obtained in a
pure state but used directly to prepare benzene-1,k-bis(methylphosphinic acid)
(Equation 38) which was isolated and well charscterized. The formation of the
gcid chloride using thionyl chloride followed by in situ reduction failed to give
p-bis(methylphosphino )benzene, -

5. Miscellaneous Intermedistes

a. Preparation of Neopentyl Chloride

Chlorination of neopentane at -10 to 10°C. following the method
of Whitmore2? gave a 32.3% yield of neopentyl chloride.

b,  Preparation of l-Chlcro-E-‘benzylo:gethéne

To prepare a hydroxyalkyl-substituted triborophane for use in
forming a cross-linked polymer, l-chloro-2-benzyloxyethane23:24 wgs prepared
in 94% yield by treating 2-benzyloxyethanol with thionyl chloride.

¢, Attempt to Prepare ¢-Bromomethyl Benzyl
Ether and 8-Bromoethyl Benzyl Ether

In an effort to synthesize a triborophane carrying a P-hydroxy-
alkyl substituent, two unsuccessful attempts were made to prepare the required
bromoalkyl benzyl ether intermediates, ¢-bromomethyl benzyl ether (n = 1) and
B-bromoethyl benzyl ether (n = 2).

CoHsCHoOH + (CHe) Bra J1: ) CeHsCH20(CHz) Br + CsHsNEBr  (%0)
or or
NaOH NaBr

d. Preparation of Low Molecular
Weight Polyvinyl Chloride

Low molecular weight polyvinyl chloride was obtained from
solution polymerization of vinyl chloride in methylene chloride heated at
87-100°C, for 2k hrs, with a catalytic amount of benzoyl percxide. Isolation
was effected by dissolving the crude product in tetrahydrofuran and precipi-
tating the high molecular weight polymer with methanol to give a yellow
viscous residue, after removal of the solvent, with a molecular weight of 555
corresponding to a D.P, of 7.5. .

Either irrasdiating vinyl chloride with Wltraviolet light
(;}resmably inefféctive with the Pyrex tube) or heating at 75-100°C, for
extended periods of time failed to initiate polymerization. Low molecular
weight polyvinyl chloride has also been obtained from a laboratory sample of
telomer supplied by Escanmbisg Chemical Corporstion. Dissolution of the telomer
in tetrahydrofuran and fractional precipitation of the high molecular weight
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polymer with methanol followed by evaporation of the solvent provided a 47% yield

of a viscous liquid telomer having a molecular weight of 458 corresponding to a
D.P. of 4.8,

The low molecular weight polyvinyl chloride products will be
employed as intermediates for the preparation of polyphosphines for use in
borophane polymer synthesis.

e. Preparation of Methylphenylphosphinic Acid

A sample of methylphenylphosphinic acid was prepared by the iodic
acid oxidation of methylphenylphosphine and used to confirm the identity of a
by-product found in the preparation of 1,3,5-trimethyl-l,3,5-triphenyltri-
borophane,

B. Experimental

1. Linear Borophane Polymers

a. Preparation of Linear and
Cyclic Methyl-n-alkyl- and
Methylphenylborophane Polymers (1371-87, 71, 76, 83, 90,
92, 152, 133, 95)

Linear and cyclic borophane polymers were prepared on a small
scale from a series of methyl-n-alkyl phosphines (Ca-Cg) and from methylphenyl-
phosphine. Each borophane polymer was prepared in essentially the same manner
from the previously reported secondary phosphine borines®S and, accordingly,
only a general procedure, rather than specific experimental detail, is
described herein.

Approximately 20 g. of the secondary phosphine borine and
20 mole per cent triethylamine was placed in a 43 ml. stainless steel pressure
vessel fitted with a pressure gauge and valve. The pressure vessel was then
heated to 220°C. and held at that temperature until a constant pressure was
established. The vessel was then allowed to cool and hydrogen was bled from
the reaction through a liquid nitrogen trap and measured using a wet test meter.
Data summarizing the stoichiometry and reaction conditions are listed in
Table IX.

The crude borophane polymer mixture was transferred from the
bomb with the aid of ether as solvent {except with methylphenylborophane where
toluene was used) to an addition funnel which served as the feed reservoir for
a rotary molecular still., The solvent was removed on a rotary f£ilm evaporator
and the mixture was passed through a rotary molecular still at the minimum
temperature required to distill the cyclic triborophanes. Each of the crude
distillates was purified further by refluxing overnight in ethereal solution
with an equal volume of methanol containing approximately 0.1 the weight of
the crude distillate of aqueous 12N HCl. The methanolic acid phase was
discarded and the ethereal layer was washed four times with water. Solvent
wvas removed on a rotary film evaporator and the triborophane was redistilled
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through a rotary molecular still. Each of the cyclic triborophanes was a
mobile liquid at room temperature except 1,3,5-trimethyl-1,3,5-triphenyltri-

borophane, which was a waxy crystalline solid. Pertinent data are listed in
Table X.

An aliquot (1-2 g.) of each of the residues from the molecular
distillation was placed in a tube connected in series with traps at ambient
temperature and -78°C. and heated in an oil bath to 150°C. under high vacuum for
20 hrs., except for the methylheptyl- and methyloctylborophane polymers which
were heated to 170°C. for 45 hrs. The weights of residual polymer listed in
Table X are calculated from the weight of crude polymer and the weight loss of
the aliquots.

An additional small scale run of methyloctylborophane polymer
was made substituting methyloctylphosphine in place of triethylamine, to
determine the effect on yield and degree of polymerization that the less basic
end-group might have. The results are included in Table X.

b. Preparation of P-(3,3-Dimethyl-
cyclotrimethylene )borophane Polymers  (1350-73, 1391-20)

An unmeasured quantity of 3,3-dimethylcyclotrimethylene-
phosphine and 112.7 cc. (5.029 mmoles) of diborane were condensed into a 75 ml.
glass bomb tube, equipped with & double seal-off tip. The sealed tube was
allowed to warm to room temperature during 24 hrs. after which 1.26 cc.
(0.0561 mmole) of hydrogen and 69.0 cc. (3.08 mmoles) of diborane were removed.
The tube was resealed, placed in an oven at 150-155°C. for 66.5 hrs., cooled,
and opened to remove 89.5 cc. (4.00 mmoles, 102.4% based on diborane) of
hydrogen. The solid in the tube was heated to 170°C. under high vacuum to give
0.3779 g. of sublimate analyzed by vapor phase chromatography and a 0.0655 g.
residue. The combined weight of solids obtained corresponds to 3.89 mmoles
(99.7% based on diborane) of the borophane monomer. The crude mixture was
indicated to consist of 83.2% P-tris(3,3-dimethylcyclotrimethylene)triborophane,
2.0% P-tetrakis(3,3-dimethylcyclotrimethylene)tetraborophane, and 14.8% of
P-(3,3-dimethylcyclotrimethylene )borophane polymer.

A portion of the sublimate was crystallized from absolute
ethanol and resublimed at 110°C. to obtain pure P-tris(3,3-dimethylcyclotri-
methylene )triborophane, m.p. 164.8-165.2°C. Anal. calcd. for CisHagBsP3:

C, 52.70; H, 10.62; M.W. 341.8, Found: C, 52.3L4; H, 10.52; M.W. 34l.2
(Neumayer). A qualitative measure of the thermal stability of the triborophane
was given by the observation that the melting point remained unaltered after
successive 30 min. heating periods at 200°C., 250°C., and 300°C. Similar
treatment at 360°C. caused significant degradation.

The 0.0655 g. residue had a molecular weight of 672
(Neumayer, D.P. 5.9) and is presumed to be P-(3,3-dimethylcyclotrimethylene)-
borophane polymer although the possibility that polymerization may have been
accompanied by opening of the tetratomic ring has not been excluded.
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c. Thermal Decomposition of
Linear Borophane Polymers

(1)  P-Dimethylborophane Polymer (1388-57)

A 0.65%0 g. (8.84 mmoles as monomer) quantity of P-di-
methylborophane polymer (D.P. 43) was weighed into a pyrolysis tube which was
then sealed to a Dry Ice trap. This apparatus was attached to the vacuum line
and heated at 180°C. for 21 hrs. The elimination of hydrogen was followed by

collecting it by means of a Sprengl pump. Results of the pyrolysis are shown
in Table XI.

After completion of the pyrolysis the contents of the
-78°C. trap and the cooled residual polymer were removed and weighed. The
crystalline sublimate weighed 0.3172 g. (48.6%) and the residue weighed
0.3182 g. (48.7%). The molecular weight determination of the residual polymer
gave erratic results ranging from 3400 to 5600 with an average of 4300 for
four measurements,

(2)  P-Dimethylborophane and P-Methyl-
ethylborophane Polymer Mixtures (1388-53)

(&) In the Presence of Hydrogen Chloride

A 1.3973 g. (15.89 mmoles as monomer) sample of
P-methylethylborophane polymer (D.P. 26) and 1.1171 g. (15.12 mmoles as monomer)
of P-dimethylborophane polymer {D.P. 43) were weighed into a 10 ml. bomb tube.
To the evacuated tube 0.72 cc. (0.0032 mmole) of hydrogen chloride was added
and the sealed tube was heated for 24 hrs. at 190°C. During the course of
heating the contents of the tube appeared to solidify partially. On cooling,
a total of 353.2 cc. of hydrogen and 1.06 cc. of condensable gas (presumably
alkylphosphines) were removed. On heating the residual liquid under high
vacuum at 120°C. for 1 hr. and then raising the temperature to 220°C. for
10 min., 1.774% g. (70.6%) of solid-liquid distillate was obtained, the
composition of which is given in Table XII. The solid polymeric residue
\0.727 g., 29%) had a broad melting range (120-150°C.). This material was
partly fractionated by refluxing in xylene, filtering off the undissolved
residue (0.095 g., m.p. 125-130°C.) and recovering 0.652 g. as a greasy solid
with an indefinite melting point, but giving a clear melt at 130°C. This
material had a molecular weight (microebulliometric in benzene) of 1400 + 20,
indicating considerable depolymerization had occurred.

(b)  Without Added Reagents

In another similar experiment a mixture of
0.3124k g. (3.55 mmoles as monomer) of P-methylethylborophane polymer (D.P. 26)
and 0.2727 g. (3.69 mmoles as monomer) of P-dimethylborophane polymer (D.P., 43)
was heated in a sealed evacuated bomb tube for 24 hrs. at 190°C. The observed
products were 11.0 cc. of condensable gas and 0.4885 g. (83.5%) of a liquid-
solid distillate, the composition of which is given in Table XII. The solid
residue from this reaction was not investigated further.
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TABLE XI

Gaseous Products from Pyrolysis

of P-Dimethylborophane Polymer at 180°C.

Time, hrs.

Total Hydrogen Evolved, cc,

Total Condensable
Gas Evolved, cc,

(a)

0.25
1.66
3.66
L .66

21.0

0.28

0.28'°)
0.47
0.47

0.47

0.28
0.28
0.32

0.32

{a) Presumed to be dimethylphosphine plus triethylamine.

{b) Gas lost.
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TABLE XII

Pyrolysis of Mixtures of Both Linear and Cyclic
P-Dimethylborophane and P-Methylethylborophane Polymers

Pyrolysis Per cent Yield of
 Temp. [{CHs)2PBHz]3.pn [CH3(CoHs)PBH21, (n = 0-3)*
Compound (24 hrs.)°C 0 1 2 3

L(CHS)ZPBHZJX + 190 20.2 28.3 28.2 25.3
[CHa(CoHs)PBHz 1, +
HC1
[{CHg)2PBHo]. + 190 19.7 29.5 27.9 22.9
[CHS(CeHs)PBﬁejy
[{CHg)oPBHs 15 + 180 + 2 k6.9 nil nil 53.1
[CHa(C2Hs )PBHz 15
[(CHz)oPBHo g + 310 % 10 48,4 3.7 1.6 46.3
(CHa(C2Hs)PBH2 Ja

x By vapor phase chromatographic analysis.




(3) Attempted Reorganization of
P-Hexamethyltriborophane and
1,3,5-Trimethyl-1,3,5-Triethyltriborophane (1388-67)

A mixture of 0,1588 g. (0.602 mmole) of 1,3,5-tri-
methyl-l,3,5-triethyltriborophane and 0.1095 g. (0.494 mmole) of P-hexamethyl-
triborophane was heated in a sealed evacuated bomb tube at 180° + 2°C.
(refluxing o-dichlorobenzene) for 24 hrs. Only 1,28 cc. of noncondensable and
0.05 cc. of condensable gases were removed from the cooled tube. Vapor phase
chromatographic analysis of the mixture is given in Table XII, )

In a second experiment a mixture of 1.390 g. (0.627 mmole)
of P-hexamethyltriboroyhane and 0.1581 g. (0.599 mmole) of 1,3,5-trimethyl-
1,3,5-triethyltriborophane was heated for 24 hrs, at 303-323 C. in a sealed
evacuate& bomb tube to produce 3.51 cc. of hydrogen, 0.30 cc, of condensable gas,
(v.t. at -78°C, 3.5 mm,, presumably an alkylphosphine mixture), and 0.2784% g.
(93.7%) of a iiqgié-sclié distillate, the composition of which is given in
Table XII.

(4) P-Cyclotetramethylene-
borophane Polymer (17723, 1391-166}‘

The products, particularly the acetone-inscluble product
obtained in the preparation of P-cyclotetramethylenetriborophane® , Were re-
investigated. The molecular weights of the acetone-soluble and insoluble
fractions indicated the soluble material to be primarily P-tris(cyclotetra-
methylene)triborophane (caled., for C;zHaoBaPs: M.W. 299,76; found: M.W., 307.4)
and the insoluble material to be composed of higher polymers (M.W., 875).

An unweighed amount of the acetone~inscluble polymer was
heated under vacuum at 130°C. to remove the admixed triborophane {characterized
by m.p. 166-168°C, and M.W. 299.5) from the waxy solid residue having a molecular
weight 1540 (D.P, 15.4). A 0.5079 g. quantity of this residual polymer was
heated under vacuum at 215 + 5°C, yielding in a 0° trap 0.2372 g. of a color-
less solid, m.p. 148-162°C, (46.7%), and in a -78°C, trap a small amount of
clear liquid shown by infrared analysis to be cyclotetramethylenephosphine.

The 0.1473 g. residue was heated further at 300 % 15°C. to give a further
0.0907 g. of solid, m,p., 135-150°C. (total 64.6%), a trace of volatile liquid,
and a 0,0400 g. residue., An infrared analysis of the two solid sublimates
showed them to be impure P-tris(cyclotetramethylene)triborophane,

(5) P=-(3,3-Dimethylcyclotri-
methylene)borophane Polymer (1391-166)

A 0.0531 g. quantity of 3,5-dimethylcyclotrimethylene-
borophane polymer, D.P. = 5.9 (vide supra), was heated under vacuum at 215 * 5°C.
for 5 hrs. and yielded two s0lids in the alr condenser. The mole volatile
crystalline sublimate, m,p. 148-156°C., weighed 0.0031 g. (5.8%) and the less
volatile glassy sublimate, m,p. 54-56°C., weighed 0.0167 g. (31.5%). The
residue was further sublimed by gentle flaming to yleld a further 6.92&8 g. of
glassy solid, m.p. 81-87°C. (39.2%). Infrared analyses of the solid products
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indicated that the more volatile material is largely P-tris(3,3-dimethyleyclo-
trimethylene Jtriborophane; the two glassy sublimates have essentially the same

infrared spectra both of which are very similar to the triborophane spectrum
except in the 11-15.5u region.

d. Reaction of Linear Borophane
Polymers with Hydrogen Chloride

(1) P-Dimethylborophane Polymer (1388-50,60)

A 5.954 g, (80.59 mmoles as monomer) quantity of
P-dimethylborophane polymer (D.P. 43) was weighed into a 20 ml. bomb tube and
1. 41 ce. of purified hydrogen chloride gas was condensed into the evacuated tube.
The sealed bomb tube was heated at 180 % 5°C., for 24 hrs. Initially, con-
siderable bubbling was observed but at the end of the heating period the melt
had become extremely viscous. On opening the tube the gaseous products were
26.8 cc. of hydrogen, 3.22 cc. dimethylphosphine and 0.46 cc. of material
retained by a -78°C. trap. The reaction mixture was sublimed under high vacuum
for 2 hrs. at 150-185°C. to yield 0,8721 g. (14.6%) crystalline sublimate,
presumed to be triborophane-tetraborophane mixture. The cooled polymer residue
was chipped from the reaction vessel., This material failed to dissolve
completely in 200 ml, of refluxing benzene during 18 hrs. but it did dissolve
in 150 ml. of refluxing toluene. The clear solution was filtered, solvent
evaporated and the resulting powder dried under high vacuum to yield 4,525 g,
(76%) of polymer, m.p. 170-171°C. Determinations of the molecular weight were
nonreproducible with five experimental values ranging from 1940 to 5200
(average 3200).

AL, 140 g, (56.0 mmoles as monomer) quantity of the above-
treated polymer was retreated in an identical mamner with 1.10 cc. of hydrogen
chloride for 24 hrs. at 180°C. The gaseous products of the reaction were
accidently lost but 0.3278 g. (7.9%) of a crystalline material was obtained on
sublimation, The polymer residue was accidently destroyed by fire.

In a second experiment 2.5035 g. (33.88 mmoles as
monomer) of P-dimethylborophane polymer (D.P. 43) was treated with 0.56 ce. of
" hydrogen chloride for 21.0 hrs. 180°C. producing 16.07 ce. of hydrogen and 33.2 cc.
of condensable gas. Heating the residue at 120-210°C, yielded 0.198h g,
(7.9%) of a crystalline sublimate. Recrystallization of the residual polymer
from toluene yielded 2.1391 g. (85%) of product. Molecular weight determi-
nations again were nonreproducible giving four experimental values ranging
from 2400 to 4400 (average 3250).

(2)  P-Methylethylborophane Polymer (1388-8)

A 1,8041 g, (20.52 mmoles) quantity of P-methylethyl-
borophane polymer (M.W, 2260)and 19.4% cc. (0.867 mmole) of hydrogen chloride
were sealed in a 20 ml., bomb tube. This mixture was heated at 180 + 10°C, for
18 hrs. On opening the tube the gaseous contents were accidently lost. The
remaining contents of the tube were heated under high vacuum at 160-170°C. for
2 hrs, under which conditions 0,110 g, of distillate was collected. The
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residue, 1.660 g. (92%), failed to dissolve completely in 60 ml. of refluxing
n-hexane, The n-hexane solution was cooled and filtered to yield 1.341 g. of
an amorphous white solid, m.p. 113-130°C., M.W. 3530. Physicael properties of a
film cast from this material showed no significant differences from a film cast
from the starting material, i.e., both were fairly brittle.

2. Cyclic Borophane Polymers

a. Characterization of 1,3,5-Tri-
methyl-1,3,5-triphenyltriborophane  (W-1805-1,8,16)

A cursory investigation of the solubility of 1,3,5-trimethyl-
1,3,5-triphenyltriborophane® in a series of solvents was carried out in the
following manner: A small guantity of the distilled ftriborophane having a
molecular weight of 418 (calcd. L407.9) was weighed into a screw-cap test tube
and 0.1 ml, of solvent was added., Additional solvent was added in 0.2 mli.
increments and the mixture was sheken on s mechanical shaker for 30 min. after
each addition until the solid had dissolved., The tube was then reweighed and
the approximate solubility at room temperature was calculaied.

Slow crystallization of the triborophane from n-hexane, which
gppeared to be the best recrystallizing solvent, produced principally two
distinetly different types of crystals. The first had the form of hexagonal
prisms, m.p. 124-126°C., which tended to grow in radiating clusters as well as
singularly. The second had the form of unsymmetrical hexagonal plates,

m.p. 79-81°C. Anal. calcd. for CsiHsoBsPs: C, 61.8%; H, T.41; M.W. L4OT.9.
Found: (m.p. 12k-126°C.) ¢, 62.19; H, T7.81; M.W. 403; (m.p. 79-81°C.)
C, 62.19; H, 7.72; M. W. koo,

Also formed in much smaller amount was a third type of crystal,
mp. 118-126°C., (M.W, 406), which was identified as methylphenylphosphinic acid
by comparison with an authentic sample., The infrared spectrum of each of
these crystals was dissimilar but a composite spectrum of the first two was
virtually identical with that of the distilled triborophane.

The solubilify in n-hexane of each of the two stereocisomers of
1,3,5~-trimethyl-1,3,5-triphenyltriborophane was obtained using approximately
4,0 g. of each crystal form placed in separate 10 ml. screw-cap vials having
polyethylene-lined caps. The vials were then filled approximately three-fourths
full with solvent and weighed, The caps were then covered with a rubber sepbum
to insure against leakage and the vials were rotated for a minimum of 48 hrs.
in a thermostat, The vials were then placed on a shelf in the thermostat to
allow the solids to settle. The vials were opened briefly and a portion of
clear supernatant solution from each was pipetted quantitatively into separate
tared weighing bottles. The weight of saturated solution was determined by
difference and then the solution was evaporated to dryness in a stream of
nitrogen. The last traces of solvent were removed under vacuum before the weight
of solid was determined by difference. The temperature of the thermostat was
then raised and the procedure repeated.
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b. Preparation of P-Hexaneopentyltriborophane (1157-40)

An approximately 23 mmole sample of crude dineopentylphosphine
borine was heated at 200°C. in a sealed bulb for 15 hrs. The by-product
hydrogen was inadvertently lost on opening the bulb, The mechanically removed
solid was sublimed under high vacuum at bath temperatures up to 150°C. to
obtain 4.52 g. of crude product, m.p. 140-180°C. leaving a 0.20 g. residual
yellow glass. Four recrystallizations from ethanol gave 1.32 g. {2.35 mmoles,
ca. 30% yield) of P-hexaneopentyltriborophane, m.p. 201.5-206°C. Anal. calcd.
for CgoHzgBaPs: C, 64.54; H, 13.00; M.W. 558.3. Found: C, 64.50; H, 12.67;
M.W. 557 (Neumayer).

¢c. Preparation of 1,3,5-Trineopentyl-
1,3,5-triphenyltriborophane {W-1805-50,70)

A gquantity of neopentylphenylphosphine borine was prepared in a
250 ml. bulb from 3.50 g. (19.4 mmoles) of neopentylphenylphosphine and excess
(278 cc., 12.4 mmoles) diborane. After three hours contact at a temperature just
about ambient, excess diborane (66.8 cc., 2.98 mmoles) was removed leaving
211 cc. (9.42 mmoles, 97.1%) of diborane in the form of the liquid adduct. The
adduct was heated in the sealed bulb for 18 hrs. at 200°C. producing 433 cc.
(19.3 mmoles, 99.5%) of hydrogen and a clear, colorless, tacky solid which
showed a small quantity of P-H absorption in the infrared spectrum and had a
molecular weight 555 (calcd. for CssHs4BaPs 576.2). The crude product was
fractionally crystallized from ethanol to obtain two crystalline solids,
m.p. 188-191°C. and 100-104°C. Anal. calcd. for CzsHssBsP3: C, 68.79;
H, 9.45. M.W, 576.2: Found: (m.p. 188-191°C.) C, 69.33; H, 9.47; M.W. 575
(Neumayer); (m.p. 100-104°C.) C, 69.15; H, 9.40; M.W, 578 (Neumayer).

An attempt was made to prepare 1,3,5-trineopentyl-l,3,5-tri-
phenyltriborophane by pyrolysis of the bis(borine) adduct of 3.k g. (9.5 mmoles)
- of sym-dineopentyldiphenylbiphosphine. The adduct was prepared in 26 g. of
benzene using 218 cc. (9.73 moles) of diborane during 60 hrs. at ambient
temperature after which time air was inadvertently admitted to the bulb. The
solvent was removed at room temperature and the residual solid was heated for
72 hrs. at 200°C. producing at this temperature a mixture of solid and liquid
which solidified at room temperature. The bulb was opened and 285 cc.
(12,7 mmoles) of hydrogen was obtained. Fractional sublimation at temperatures
up to 120°C. and infrared analysis of the fractions (2.1 g.) indicated that
sym-dineopentyldiphenylbiphosphine (m.p. 109-123°C., M.W. 358) and its bis-
borine) adduct volatilized in that order leaving a residue (1.0 g.) which
appeared to be sym-dineopentyldiphenylbiphosphine bis(borine) contaminated with
B-O compounds.

d. Preparation of 1,3,5-Trimethyl-1,3,5-
tris(3-dimethylaminopropyl)triborophane (W-1807-1, 11, 95)

Solid methyl-3-dimethylaminopropylphosphine bis(borine),
prepared from 0.5169 g. (3.881 mmoles) of methyl-3-dimethylaminopropyl-
phosphine and 86.6 cc. {3.87 mmoles, absorbed from 114.8 cc.) of diborane, was
heated at 190°C. for 17.5 hrs. in a sealed tube. The tube was opened and
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87.4 cc. (101%) of hydrogen was obtained together with a clear mobile liquid
which on hydrolysis in 8 ml. of 6N hydrochloric acid during 15 hrs. at 107°C,
produced 268.9 cec. (103%) of hydrogen.

In & second earlier experiment a 9.6400 g. (599 mmoles) quantity
of methyl-3-dimethylaminopropylphosphine bis(borine), prepared from a different
sample of methyl-3-dimethyleminopropylphosphine, was heated at 195°C. for 17 hrs.
in an evacuated sealed 2000 ml, bulb., The bulb was opened and the noncondensable
gas, assumed to be hydrogen only, was collected by means of a Sprengl pump. The
1735 ce. (77.4 mmoles) of hydrogen obtained represented a 129.2% yield. The
pyrolysis product, a viscous material which appeared opague because of suspended
solid components, was hydrolyzed with 25 ml, of 8N hydrochloric acid at 85°C.
for 5 hrs, in the sealed evacuated bulb. The initially clear solution on
standing at 25°C. deposited a white crystalline solid, 1.5554 g. (25.2 mmoles),
shown by infrared analysis to be boric acid, After basifying the solution with
100 ml. of 4,2N sodium hydroxide and extraction of the borophane product, the
solution was analyzed for boron and found to contain an additional 0.0265 meq,
representing g total of 0,0517 meq. (86.3% yield) of boron. The hydrogen formed
during the hydrolysis was found to be 2107 cc. (94,1 mmoles), bringing the total
from the pyrolysis and hydrolysis to 3842 ce, (171.5 mmoles, T1.6%).

The borophane product was extracted from the basic emulsion with
three 100 ml. portions of ether. The ether solution was dried over 30 g.
anhydrous sodium sulfate, The viscous yellow liquid residue obtained on removal
of the ether by distillation weighed 6.0143 g. (41.5 mmoles) representing an
over-all yield of 69,2% monomer, (CHgz)gNCsHg(CHg)PBHz. Two molecular weight
determinations by the Neumayer method were made, one on a sample of the yellow
liquid, the second on a sample after further dryiﬁg by redissolving in ether
and eveporation. Anal, calcd. for CigHs;BaPsNa: C, 49.69; H, 11.82;
M.W. 435,0. Found: C, 48.62; H, 11.58; M.W,, h:aa him (after further drying).

In a preliminary experiment 0.2392 g. (1.796 mmoles) of methyl-
3-dimethylaminopropylphosphine (from the same sample used in the second
experiment) and 40,7 ml. (1.815 mmoles) of diborane were condensed into a 25 ml,
heavy wall tube which was sealed and heated at 175-180°C, for 19 hrs. On
opening the tube, 43.8 cc. (1.958 mmoles, 108.9%) of hydrogen was obtained,
Excess aqueous hydrochloric acid was condensed into the tube containing the
opaque semi-solid residue and the tube was sealed and heated at 120°C, for 1 hr,
The hydrogen formed on hydrolysis was inadvertently lost. The clear aqueous
solution in the tube was neutralized with excess sodium hydroxide, and ether
was used to extract an oil which separated, Without drying the ether was
removed by evaporation under vacuum leaving a high boiling, colorless liquid
residue, the molecular weight of which was found to be 361; calcd, for
1,3,5-trimethyl-1,3,5~tris(3-dimethylamino )propyltriborophane, 435, An infrared
s;:eetrum of this liquid showed the presence of water which would lower the
average molecular weight.
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e. Attempt to Prepare a Derivative of
1,3,5-Trimethyl-1,3,5-tris(3-dimethylamino)propyl-
triborophane Suitable for Fractional Crystallization

(1) The Borane Derivative (W-1807-36)

Into a 25 ml. tube containing 0.8328 g. (5.743 mmoles) of
1,3,5-trimethyl-1,3,5-tris(3-dimethylaminopropyl)triborophane was condensed
69.0 ce. (3.075 mmoles) of diborane, an 11.8% excess over stoichiometric. On
warming to ambient temperature the mixture became a viscous semi-solid which
was then heated at 100°C. for one hour. Upon opening the tube, 16.6 cc.

(0.740 mmole) of hydrogen was obtained and 14,7 cc., {(0.656 mmole) of diborane
was recovered. Assuming no decomposition the amount of diborane retained as
adduct was calculated by difference to be only 84% of the theoretical quantity.
The formation of hydrogen indicates some diborane decomposition did occur and
the decomposition products may be complexed with the remaining 16% of the
tertiary amino groups.

The principal product, an immobile glassy semi-solid, was
transferred from the reaction tube to a sublimation tube with the aid of acetone
which was removed under reduced pressure. On heating the residue to 160°C.
under high vacuum a liquid distillate rather than a crystalline solid collected
on the 0°C. condenser.

(2) The Hydrochloride Derivative (W-1807-26)

Anhydrous hydrogen chloride was bubbled into about 3 ml,
of a dry ether solution of 1,3,5-trimethyl-1,3,5-tris(3~-dimethylamino)propyl-
triborophane in a test tube. A white precipitate which adhered tenaciously to
the walls of the tube was formed. Attempts to recrystallize the solid from
isopropyl alcohol gave only oils.

(3) The Methyl Iodide Derivative (W-1807-30)

To a 0.1211 g. sample of crude 1,3,5-trimethyl-1,3,5-tris-
{3 -dimethylaminopropyl)triborophane dissolved in 10 ml. of benzene cooled in an
ice bath, 1 ml. of methyl iodide was added. After about one minute a white
erystalline solid precipitated and was filtered from the solution. The vhite
crystals turned waxy and then appeared to melt leaving a solid which rapidly
became sticky and opaque on the filter suggesting perhaps some solvent had
solidified and that in addition the solid product was hygroscopic.

A second sample of 0.1358 g. {0.312 mmole) of the amino-
derivative was put in a test tube and at 0°C. an excess (1 ml.) of methyl
iodide was added slowly. A violent exothermic reaction occurred, but no loss by
spattering of the mixture was observed. The excess methyl iodide was removed
under vacuum and the weight of the resulting solid indicated the methyl iodide
which had reacted weighed 0.1238 g. {0.936 mmole) corresponding precisely to
three moles per mole of the triborophane. Attempts to recrystallize the
methiodide derivative from ethanol resulted in formation of a white, sticky,
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nonfilterable solid.

{(4) The Picrate Derivative (W-1807-34)

A sample of 0.343L4 g. of the amino-derivative was dissolved
in 10 ml. absolubte ethanol and added slowly to 10 ml. saturated picric acid
solution in 95% ethanol. A red oil separated from the solution without observ-
able evolution of heat. When the solvent was removed the oil solidified to a
yvellow mass which was insoluble in water and benzene. The picrate derivative was
soluble in ethanol, acetone, dimethylsulfoxide, and N,N’-dimethylformamide, but
on addition of water the o0il separated again.

{5) The Tetraphenylborohydride Derivative (W-1807-41)

A solution of 1.4548 g. of sodium tetraphenylborohydride
in 150 ml, of water was added rapidly to a solution of 0.4640 g. of the amino-
derivative in dilute acetic acid. A white precipitate formed along with a
voluminous white foam, The precipitate appeared to be colloidal and could
neither be filtered easily nor coagulated with sodium chloride. Heating the
saline solution changed the material to a sticky mass.

To check the procedure dimethyl-3-chloropropylammonium-
tetraphenylborohydride was prepared as a crystalline salt which was easily
filterable and was successfully recrystallized from ethanol.

f. Preparation of 1,3,5-Trimethyl-1,3,5-
triallyltriborophane (W-1807-47,53,63)

Intoc a carefully cleaned flask fitted with a Teflon covered
stirring bar and containing 1.3828 g. of crude 1,3,5-trimethyl-1,3,5-tris-
(3-dimethylaminopropyl)triborophane was added 27 ml. of 0.67M hydrogen peroxide
in methanol. The solution was stirred for over 24 hrs. to complete the oxidation,
the progress of which was checked periodically by mixing a drop of the solution
with two drops of water and one drop of phenolphthalein, When no pink coloration
was visible the conversion of amine to amine oxide was considered complete,

The excess hydrogen peroxide was decomposed with about 0.2 g. of
platinum suboxide {PtO, treated with H») during 24 hrs. at ambient temperature.
The slurry was filtered and the solvent was removed at reduced pressure leaving
a viscous liquid residue vwhich was heated with stirring at 90°C. for 1 hr. The
infrared spectrum of this material was markedly different from the starting
material and had a band at 1608 cm~! which was assigned to the amine oxide band.
The liquid was heated at 160°C. under high vacuum for 1.5 hrs. and the volatile
products were collected in traps in series at ca. 35°C. and -196°C. Fractional
condensation and infrared analysis of the liquid trapped at -196°C. indicated
it to be a mixture of methancl and N,N-dimethylhydroxylsmine. An infrared
spectrum of the high boiling liquid in the 35°C. trap showed the presence of
-C=C- unsaturation at 1640 ecm~! in addition to a weak amine oxide band at
1608 cm~', The molecular weight was determined by the Neumayer method to be
330 (caled. for C,oHzoBsPs, 300).
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g. Preparation of B-halo-
substituted Triborophanes

(1) P-Hexamethyl-B-iodotriborophane (1385-51, 1157-1)

Two large-scale preparations of P-hexamethyl-B-iodotri-
borophane were made and worked up in a manner previously described®®, P-Hexa-
methyltriborophane, 3,008l g. (13.57 mmoles), and N-iodosuccinimide, 3.2080 g.
(14,26 mmoles), were stirred in 25 ml. of benzene for 64 hrs. to provide
4,3590 g. of crude product. Sublimation at room temperature removed 0.2865 g.
of unreacted P-hexamethyltriborophane and at 40-60°C,, P-hexamethyl-B-iodotri-
borophane, m.p. 77-80°C. was collected. Crystallization from ethanol-water
(4:1) gave needles of P-hexamethyl-B-iodotriborophane, m.p. 80-82°C., 0.2940 g.
(62%), analyzing 99.8% pure by vapor phase chromatography.

In a second experiment, 10.0622 g, (45.4 mmoles) of
P-hexamethyltriborophane and 11.1833 g. (49.7 mmoles) of N-iodosuccinimide in
70 ml, of benzene were stirred at room temperature for 6 hrs, Sublimation at
40-60°C. after the usual work-up, provided 13.861 g. (88%) of P-hexamethyl-B-
iodotriborophane, m.p. 76-T8C. Crystallization from ethanol-water provided
10,7683 g, (68%) of material, m.p., 80.5-82°C., which assayed 98.9% by vapor
phase chromatography.

Further heating (in vacuo) of the sublimation residue
provided at a bath temperature of 90-110°C., 0.009 g. of a new material,
mp. 208-213°C,, presumably a higher iodinated derivative.

(2) P-Hexamethyl-B,B’-diiodotriborophane  (1385-149)

Under a nitrogen atmosphere, 3.2080 g. (1k4.26 mmoles) of
N-iodosuccinimide was added in small quantities during one hour to a stirred
solution of 1.5058 g. (6.79 mmoles) of P-hexamethyltriborophane in 60 ml. of
benzene., After addition the red solution was heated under reflux (15 min.),
stirred overnight at room temperature and heated again under reflux for one
hour which caused a color change to brown and the formstion of a brown residue.
. After removal of the solvent in a stream of nitrogen the brown viscous residue
was extracted three times with 30 ml., portions of isohexanes, which on
concentration to dryness provided a light brown colored residue. Two tri-
turations with water (10 ml.) containing several crystals of sodium thiosulfate
followed by several water washes and drying gave 2.5931 g. of a pale yellow solid,
An attempt to resolve the mixture by fractional sublimation in high vacuum at
a series of temperatures up to 85°C. failed, although the sublimed product was
now colorless, The 2,5226 g, of sublimate was separated by repeated fractional
crystallization from ethanol and ethanol-water mixtures into two fractions, the
first melting in the range of 94-114°C., and the second melting within the broad
range of 45-75°C. The lower melting materials were found by vapor phase
chromatographic analysis to be primarily (58-82%) P-hexamethyl-B-iodotriborophane
containing varying quantities (16-30%) of P-hexamethyl-B,B’-diiodotriborophane.
The 0.5890 g. of higher melting material was recrystallized three times from
ethanol-water (5:1) to give 0.3434 g. of white needles, m,p. 114-116°C.,
analyzing (vapor phase chromatography) 97.0% P-hexamethyl-B,B’-diiodotri-
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borophane and 2,9% P-hexamethyl-B-iodotriborophane. Two recrystallizations
from isohexanes finally provided 0.1158 g. of pure material, m.p, 118,5-119.5°C.
Anal, calcd, for CgHazBaPaIo: C, 15.22; H, 4.68; M.W, 473.5, Found:

C, 15.25; H, 4,72; M.W., 477 (Neumayer).

(3) Attempt to Prepare P-Hexa-
methyl-B-hexaiodotriborophane  (1385-164)

Employing the method recently reported!®, 11,3570 g.
(44,7 mmoles) of iodine was added in small quantities during 5 hrs. to a boiling
solution of 1.5025 g. (6.78 mmoles) of P-hexamethyltriborophane in 20 ml, of
ethyl iodide., The solution was refluxed for an additional 3 hrs, whereafter the
solvent was removed in a stream of nitrogen from the brown colored solution
leaving a black residue, Efforts to purify the material by crystallization
from a variety of solvents failed, When subjected to heating up to 55°C. in
vacuo excess lodine was readily removed leaving a light brown colored residue.
A small portion of this residue after three crystallizations from methanol-
vater gave a white amorphous solid, m.p, 155-165°, the infrared spectrum of
vhich was similar to that for P-hexamethyl-B,B’,B” ~tribromotriborophane
(expt. 4)27, Slow crystallization of the remaining brown residue from 40 ml.
ethanol provided 0.8791 g, of a white crystalline solid, m.p. 150-175°, with a
molecular weight (Neumayer) of 545,

(4) P-Hexemethyl-B,B’-dibromotriborophane (1157-4, 10;
W-1810-44)

To a stirred solution of 10.0090 g. (45.16 mmoles) of
P-hexamethyltriborophane in 50 ml. of benzene was added slowly 17,0285 g.
(95.67 mmoles) of N-bromosuccinimide. After stirring for 6 hrs. the solution
was filtered and the filtrate evaporated to dryness in a stream of nitrogen.
Trituration of the resulting solid with water removed the succinimide and left
17.1648 g. of light-yellow product which was dissolved in sufficient benzene to
form a saturated solution and was passed in 1 ml, quantities through &
preparative vapor phase chromatograph equipped with a silicone grease/fire brick
column at a temperature of 270°C, The products were collected separately in
traps at -196°C,, removed with the aid of benzene and evaporated to dryness
under vecuum to give 1,.4835 g. of P-hexamethyl-B-bromotriborophane assaying
98.4%, 12,9753 g. of P-hexamethyl-B,B’-dibromotriborophane assaying 99.9+% and
1.1547 g. of P-hexamethyl-B,B’,B”-tribromotriborophane assaying 96.3%. . The
total weight of separated products was 15.6135 g. corresponding to a 91.0%
recovery.,

A 0,4000 g. sample of the dibromo-fraction was sublimed
in high vacuum at a bath temperature of 55-80°C. to give a white amorphous
solid, m.p. 85-110°C. (softening at 72°C.). Anal. calcd. for CegHazBaPsBra:

c, 18.99; H, 5.84; M.W,, 379. Found: C, 19.1%; H, 5.77; M.W., 392 (Neumayer).
The infrared spectrum of the material was similer to that for the previously
reported pure isomer®® with several bands shifted slightly and reduced in
intensity. The isomeric mixture was fractionally crystallized from 8 ml, of
methanol containing 10 drops of water by allowing the solvent to evaporate
slowly at room temperature to the volumes listed below before collecting the
precipitates, 58



Approx. Vol. Softening Melting
Fraction |of Solution, ml.| Wt., g.| Point, °C.| Point, °C. Form

1 10 0.0360 123 127-128.5 | Transparent needles

2 7 0.0300 123 126,5-128 | Transparent needles

3 5.5 0.0161 96 122-126 Transparent needles

L L 0.0280 70 119-124 Transparent needles

5 3.5 0.0320 T2 73-76 Clusters of opaque
needles

6 3 0.0393 71-73.5 Clusters of opaque
needles

T 1.5 0.0280 60 68-T70 Clusters of opaque
needles

(5) P-Hexamethyl-B,B,B’,B"-
tetrabromotriborophane (5TW=1T7-145)

A stirred mixture of 2.1134% g. (11.74 mmoles) of N-bromo-
succinimide and 0.6477 g. (2.923 mmoles) of P-hexamethyltriborophane in 50 ml, of
benzene was rapidly brought to reflux. After refluxing for 3 hrs. the hot
benzene solution was extracted with 50 ml. of water, dried over sodium sulfate,
and evaporated to dryness to yield 1.467 g. of crystalline solid. This solid,
after six recrystallizations from cyclohexane, yielded 0.065 g. of needles,

m.p. 208-209°C. Anal. calcd. for CgHpoBsPaBry: C, 13.41; H, 3.75; Br, 59.49;
M.W. 537.3. PFound: C, 13.15; H, 3.60; M.W. (Neumayer) 549.6. The residual
solid isolated from the combined mother liquors of the above recrystallizations
had a melting range of 100-160°C,

A previously isolated crystalline material®® (experiment U4)
from the reaction of a 6:1 mixture of elemental bromine and P-hexamethyltri-
borophane had a melting point 208-210°C. Analysis of the previously reported
material (C, 13.82; H, 4.,12; Br, 59.00) also approximated the tetrabromo
derivative and its infrared spectrum showed no BHz deformation absorption at

9K
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(6) P-Nonamethyl-B-bromobicyclo-
[4.4,0)pentaborophane Isomers (1385-131)

A mixture of 0.2390 g. (0.676 mmole) of P-nonamethyl-
bieyclo[4,4.0]pentaborophane and 0.1250 g. (0.702 mmole) of N-bromosuccinimide
(freshly crystallized from water and air dried) in 5 ml, of benzene was stirred-
under & nitrogen atmosphere for 7 hrs. at room temperature and allowed to stand
overnight. The solvent was evaporated in a stream of nitrogen leaving a
viscous semi-solid residue which was triturated with 5 ml, of water converting
it to a hard, white solid. This solid was further treated with 15 ml, of water,
collected and dried on the Buchner funnel to provide 0.2770 g. of product,

m.p, 97-114°C. Additional product (0.0061 g., m.p. 98-120°C.) was recovered
from the equipment employed by washing with methanol and precipitation of the
product with water. The total yield of crude product was thus 0.2831 g. (97%
of theoretical P-nonamethyl-B-bromobicyclo{l,t.0lpentaborophane), The crude
product was fractionally crystallized from methanol by allowing the solvent to
evaporate slowly at room temperature to the volumes listed below before
collecting the precipitates., Fractions 2 and 3 crystallized simultaneously
and were separated mechanically,

Approx, Vol, Softening | Melting
Fraction jof Solution, ml.| Wt., g. | Point, °C.| Point, °C,| Form
1 10 0.0300 135 | 1h2-14k | Hexagonal crystals
2 8 0.0734 140 143-144 Hexagonal crystals
3 8 ‘ 0.0165 117 120-122.5 Tufts of needles
y 5 0.0305 111 118-122 Tufts of needles
5 3 0.0118 114 119-140 | Hexagonal crystals

Combined fractions 1 and 2 (0.1034 g., 0.239 mmole, 35,4% yleld) were dissolved
in 8 ml, of hot methanol, crystallized by cooling to -25°C., isolated by
filtration, and dried in high vacuum to give 0.0758 g. (0.175 mmole, 25,9%) of
pure P-nonametlyl-B-bromobicyclo[k.k,0]pentaborophane, m.p. 143-144,0°C.

Anal, calcd, for CgHzsBsPsBr: C, 25.01; H, 8,16, Found: ¢C, 25,11; H, 8,19,

The mother liquor was concentrated to 4 ml, and cooled
to -25°C. to provide an additional 0,0171 g. of P-nonamethyl-B-bromobicyclo=-
(4,4 .0)pentaborophane, m.p. 1%2,5-143.5°C, (total yield of 0.0929 g.,

0,215 mmole, 31.8%), The infrared spectrum of this isomer was virtually
identical with that of the P-nonamethyl-B-iodobicyclo[l.4.0lpentaborophane
isomeri2 of m.p. 136-137°C.

60



Fractions 3 and 4 were combined (0.0470 g., 0.109 mmole,
16.1% yield) and crystallized twice from 3 ml, portions of methanol to provide
an analytical sample of P-nonamethyl-B-bromobicyclol[h .k, Olpentaborophane,
0.0128 g., m.p. 123,5-125,0°C. Anal. calcd. for CgHssBsPsBr: C, 25.01;
H, 8,16, Found: C, 25.11; H, 8.08. A mixture melting point of the two isomers
(m.p. 143,0-144,0° C and 123 5 125.0°C.), 104-140°C., precluded the possibility
of dimorphism.

The infrared spectrum of the lower melting isomer
(m.p. 123.5-125.0°C.) was significantly different from that of the higher melting
isomer (m.p. 143-144°C.) and was virtually identical with the spectrum of
P-nonamethyl-B-iodobicyclo[k.4.0Jpentaborophane isomerl? of m.p, 147.0-148.5°C.

(7) P-Hexamethyl-poly-B-
chloro-~-triborophanes  (1157-3)

To a magnetically stirred solution of 10.039l g.
(45,29 mmoles) of P-hexamethyltriborophane in 60 ml. of carbon tetrachloride was
added slowly 18.2022 g. (136.3 mmoles) of N-chlorosuccinimide {freshly
recrystallized from benzene). Stirring was continued for 6 hrs. and much of the
carbon tetrachloride evaporated due to the exothermic nature of the reaction.
More carbon tetrachloride was added to insure solution of the product followed
by filtration to remove succinimide. The carbon tetrachloride was removed in &
stream of nitrogen and the resulting 11.7256 g. of solid was analyzed by vapor
phase chromatography with the following results 8.86%-P-hexamethyl-B,B’-di-
chlorotrlborophane, 45 3% P-hexamethyl-B,B’ B -trlchlorotrlborophane, 39.3%,
P-hexamethyl-B,B,B’ B —tetrachlorotrlborOPhane, 3.33%, P-hexamethyl-B-penta-
chlorotrlborophane and 0.44% of P-hexamethyl-B-hexachlorotriborophane. After
fractional sublimation into two volatile parts, an attempt was made to separate
the 6.0977 g. of more volatile material into its components by preparative vapor
phase chromatography. Only crude fractions contaminated with gross quantities
(10-15%) of unknown materials, which had apparently been retained in the
instrument, were produced. The less volatile sublimate analyzed as 0.5% b-di-,
21.0% B~tri-, 66.7% B~tetra-, 9.4% B-penta-, and 1.6% B-hexachloro-derivatives
of P-hexamethyltriborophane and weighed 2.8943 g.

In the same manner in a second experiment, 10.2850 g.
(46.40 mmoles) of P-hexamethyltriborophane and 16.4930 g. (123.5 mmoles) of
N-chlorosuccinimide in 100 ml. of carbon tetrachloride produced 12.5586 g. of a
mixture consisting of 0.5% P-hexamethyltriborophane and 26.9% B-mono-, 41.4%
B-di-, 21.5% B-tri-, 6.8% B-tetra-, 1.5% P-penta-, and 1.4% B-hexachloro-
derivatives as determined by vapor phase chromatographic analysis.
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h. Preparation of Other B-Substituted
P-Hexamethyltriborophanes from B-Halo-derivatives

(1) B-Carboxylate Derivatives

(a) P-Hexamethyl-B-formoxytriborophane

(1] VUsing Silver Formate (1385-126)

A heterogeneous mixture of 0,2422 g.
(0.697 mmole) of P-hexamethyl-B-iodotriborophane and 0.2116 g. (1.38 mmoles) of
gilver formate (no assay of purity but odor of formic acid was evident) was
heated under reflux in 5 ml. of benzene for 9 hrs. in a nitrogen atmosphere.
The inorganic salts were filtered and the filtrate evaporated to dryness in a
stream of nitrogen to provide 0.2213 g. of a white solid, m.p. 56.5-69°C. On
crystallization from ethanol-water (5:k4), the melting point (69-75°C.) of the
0.1568 g. of product was not significantly improved. Vapor phase chromatography
confirmed that the material was a mixture consisting of 0,01% P-hexamethyltri-
borophane, 20.8% P-hexamethyl-B-formoxytriborophane and 79.1% P-hexamethyl-B-
iodotriborophane; the infrared spectrum confirmed the presence of the formoxytri-
borophane displaying carbengl absorption bands at 1700 and 1715 cm'lg e B-0-C
absorption band at 1060 cm™' and a formate absorption band at 1220 cm=t., -
Dilution of the filtrate with additional water provided fine white needles,
0.0342 g., m.p. 46-47.5°C. Analyzing 93.1% P-hexamethyl-B-formoxytriborophane,
6.6% P-hexamethyl-B-iodotriborophane and 0.3% unknown material of very low
volatility., The infrared spectrum showed absorption bands at 2830 (C-H in CHO),
1723 and 1705 (C=0), 1208 (C-0) and 1070 cm~! (B-0-C).

[2] Using Aqueous N,N-Dimethyl- ‘
formamide {1385-182)

A solution of 0.2013 g. (0.579 mmole) of
P-hexamethyl-B-iodotriborophane in 9.0 ml. of dimethylformemide and 1.0 ml, of
water was heated at 100-105°C. for 5 hrs. After cooling to room temperature
and dilution with 25 ml. of water a white microcrystalline material precipi-
tated from the colorless solution. The mixture was cooled in an ice bath and
filtered. JIodide ion was detected in the filtrate by treatment with silver
nitrate. The thoroughly water-washed crystals were dried to obtain 0.1033 g.
{0.389 mmole, 67.2% yield) of P-hexamethyl-B-formoxytriborophane,
m.p. 45.5-46.5°C. {softening at 42°C.) which assayed 99.8% by vapor phase
chromatography. The impurity, 0.2% was identified as P-hexamethyltriborophane.
An analytical sample was prepared by high vacuum sublimation of this material
at 25-40°C., onto a cold finger cooled by ice. Anal. calcd. for C7HpsBaPalz:
C, 31.65; H, 9.11; M.W., 265.6. Found: C, 31.47; H, 9.20; M.W., 266
{ Neumayer).

The infrared spectrum showed significant

absorption bands at 2840 (C-H in CHO), 1725 and 1703 (C=0), 1208 (C-0) and
1070 cm™* (B-0-C).
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[3] Using Aqueous Formemide {wW-1810-11)

To 0.1500 g. (0.432 mmole) of P-hexamethyl-
B-iodotriborophane in a 5 ml. heavy-wall tube was added 1.50 ml, of formamide
and 0.30 ml., of water. The tube was sealed under vacuum and heated at 100 x 2°C.
for 19 hrs. After opening on the vacuum line the noncondensable gas
(presumably hydrogen) was removed and measured (2.99 cc., 0.133 mmole). The
contents of the tube were removed and diluted with the aid of 10 ml, of water,
cooled to 0°C. and the precipitate was collected and dried. The 0.0793 g. of
crude product was primarily microcrystalline needles, m.p. 45.5-47°C., which
formed on the addition of the water, however, it did contain several small
pieces of a white, hard, brittle solid, m.p. 47-48.5°C., which analyzed (vapor
phase chromatography) 76.8% P-hexamethyl-B-formoxytriborophane, 15.0% P-hexa-
methyl-B-iodotriborophane and 7.9% unknown. The microcrystalline material
analyzed 92.3% P-hexamethyl-B-formoxytriborophane, 1.7% P-hexamethyl-B-
iodotriborophane and 5.9% unknown. The yield of product was thus approximately
0.073 g. (0.27 mmole, 63%).

An investigation of the agueous filtrate
confirmed the presence of the co-product, ammonium iodide. On treatment of an
aliquot with 5% alcoholic silver nitrate a voluminous precipitate of silver
iodide was formed instantaneocusly. On treatment with concentrated scdium
hydroxide a volatile basic gas (presumably ammonia) was detected by means of
litmus paper. Conclusive evidence for the presence of the NH.* ion was obtained
from a positive Nessler's Reagent Testl4,

(47 Using Aqueous Formic Acid {W-1810-16)

In a 5 ml. heavy-wall tube was placed
0.1400 g. (0.403 mmole) of P-hexamethyl-B-iodotriborophane and 1.50 ml. of
90.7% formic acid, The evacuated, sealed tube was heated at 100 * 2°C. for
18 hrs. The iodo-derivative, insoluble in the cold medium formed an insoluble
liquid at this elevated temperature which dissolved after heating for 2 hrs,
On cooling the tube in an ice-bath, clear crystals deposited on the sides of
the tube. The tube was opened on the vacuum line and 1.94 cc. (0.087 mmole)
of noncondensable gas (presumably hydrogen) was recovered. The tube contents
were washed from the tube and diluted with a total of 10 ml. of water. No
precipitate formed or could be induced to form by further dilution and/or
cooling or seeding with a crystal of the anticipated product. Concentration of
the mixture in a stream of nitrogen left a white crystalline solid wet with a
viscous oil. The characteristic odor of phosphine was quite evident. An
infrared spectrum of the product confirmed the presence of boric acid contami-
nated with other ill-defined degradation product.
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(b) P-Hexamethyl-B-acetoxytriborophane

[1] Using Silver Acetate (1385-60)

In & 10 ml, flask an inhomogeneous mixture of
0.1050 g. (0,302 mmole) of P-hexamethyl-B-iodotriborophane, 0.1015 g.
(0.608 mmole) of silver acetate and 3 ml, of benzene was heated under reflux for
12 hrs., after which the mixture was filtered and the filtrate evaporated to
dryness in a stream of nitrogen, The residual white solid darkened on standing,
Crystallization from 6 ml, of ethanol-water (1:1) removed most of the brown
color, Sublimation at 30-55°C. in high vacuum yielded what appeared to be two
fractions, 0,0083 g., m.p. b2-44°C, and 0.0516 g., m,p. 43-45°C., The infrared
spectrs of the two fractions were identical and displayed characteristic
absorption bands at 1700 cm™* (C=0), 1368 cm™! (CH3-C), and 1050 cm™1 (B-0-C)
indicating that a total yield of 0,0599 g, (0,214 mmole, 73%) of P-hexamethyl-
B-acetoxytriborophane was obtained. Two crystallizations from ethanol-water
(1:1) followed by sublimation at room temperature in high vacuum provided an
anelytical sample, m,p, 44-45°C, Anal, calcd, for CgHpgBaPs0z: C, 34.35;
H, 9.37, Found: C, 34,09; H, 9,06,

[2] Using Sodium Acetate (1385-36)

A mixture of 0.1508 g. (0.502 mmole) of
P-hexamethyl-B-bromotriborophane and 0,0826 g, (1.0l mmoles) of anhydrous sodium
acetate in 8 ml, of absolute ethanol was heated under reflux for 7 hrs. in a
nitrogen atmosphere, Dilution of the mixture at room temperature with 10 mi,
of water produced 0,1371 g. (91% recovery) of P-hexamethyl-B-bromotriborophane,
m,p. 75-77°C., the mixture melting point of which with starting material was
undepressed. The infrared spectrum was similar to that of the starting material
with no observable gbsorption in the carbonyl region,

[3] Using Aqueous N,N-Dimethyl-
acetamide (1385-185,W-1810-1)

To 0,2055 g. (0.591 mmole) of P-hexamethyl-
B-iodotriborophane was added 9.0 ml, of dimethylacetamide and 1.0 ml. of water
and the mixture was heated to 100-105°C, After approximately one hour the
colorless solution tock on & dark-yellow color which disappeared after one-half
hour to return to an almost colorless solution. The solution was maintained
at 100-105°C, for & total of 4 hrs., cooled to room temperature and diluted
with 25 ml. of water. All efforts to crystallize the product failed until the
solution was seeded with authentic P-hexamethyl-B-acetoxytriborophane obtained
from the iodo-derivative and silver acetate, whereupon a flocculent micro-
erystalline solid immediastely formed. After cooling to 0°C. the product was
collected, thoroughly washed with water (the filtrate, treated with 5%
alcoholic silver nitrate, gave a voluminous precipitate of silver iodide) and
air dried, to provide 0.0401 g. (0.143 mmole; 24,2% yield) of P-hexamethyl-B-
acetoxytriborophane, m.p. 45-47°C, Further purification was effected by high
vacuum gublimation at a bath temperature of 30-55°C. from which 0.0345 g. of
product, m.p. 43,5-45,5°C. was obtained, The mixture melting point with
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authentic P-hexamethyl-B-acetoxytriborophane was 43.5-46°C. The infrared
spectrum was identical with that of the authentic material.

A second experiment was performed in a
closed system in anticipation of increasing the yield of product. To 0.3131 g.
(0.901 mmole) of P-hexamethyl-B-iodotriborophane in a 5 ml. heavy-wall tube was
added from a syringe 2.0 ml. of dimethylformamide and 0.3 ml. of water. A
seal-off tip was attached, the solution degassed in high vacuum and the tube
sealed, The solid dissolved easily at 100 + 2°C. at which temperature the tube
was heated for 4 hrs. On opening the tube in vacuum the noncondensable gas
was measured and identified as 0.07 cc. of methane and 15.63 cc. (0.697 mmole)
of hydrogen by combustion over cupric oxide., The solution was diluted and
washed from the tube with 10 ml., of water. Crystallization again had to be
initiated by the addition of a crystal of the authentic acetoxy-derivative.
The product was cooled to 0°C. and collected to provide 0.0566 g. (0.202 mmole,
22.4% yield) of P-hexamethyl-B-acetoxytriborophane, m.p. 42.5-44,5°C.
Definitive characterization was accomplished by observing that the infrared
spectrum was identical to that of the material prepared previously.

(c) P-Hexamethyl-B-benzoxytriborophane (1385-105)

In a 25 ml. flask equipped with a condenser and a
glass-covered magnetic stirring bar, 0.2057 g. (0.592 mmole) of P-hexamethyl-
B-iodotriborophane, 0.2806 g. (1.22 mmoles) of silver benzoate, and 5 ml., of
benzene were heated under reflux for 7 hrs. in a nitrogen atmosphere. The
resulting mixture was filtered to remove the inorganic salts and the filtrate
was concentrated in a stream of argon. The residue, sublimed in high vacuum,
gave two products, 0.0031 g., m.p. 112-116°C. (softening at 106°C.) at a bath
temperature of 30-70°C., and 0.2005 g., m.p. 72-77°C. (softening at 66°C.),
of P-hexamethyl-B-benzoxytriborophane (99% crude yield) at a bath temperature of
90-150°C., The first sublimate was identified by infrared analysis as benzoic
acid contaminated with a small amount of the second sublimate., Characteristic
absorption bands'! in the infrared spectrum of the P-hexamethyl-B-benzoxytri-
borophane were observed at 1690 cm™! (C=0), 1297 and 1127 cm™! (benzoate) and
1050 em~! (B-0-C). Two crystallizations of the crude material from ethanol-
water (3:2) provided 0.1743 g. (86%) of white needles, m.p. 79.5-81.0°C.,
found by vapor phase chromatography to be free of impurities. An additional
crystallization followed by high vacuum sublimation at 50-75°C. provided an
analytical sample, m.p. 81.0-81.5°C. Anal. calcd. for C;3HpgBaP3Oz: C, 45.69;
H, 8.26; M.W, 341,7. Found: C, 45.43; H, 8.04; M.W. 342 (Neumayer).

(d) Attempt to Prepare Bis{P-hexa-
methyl-B-triborophyl) Adipate (W-1810-22)

An evacuated, sealed tube containing 0.1545 g.
(0.445 mmole) of P-hexamethyl-B-iodotriborophane, 0.0330 g. (0.229 mmole) of
adipamide and 0.50 ml. of water was heated at 100 + 2°C. for 8 hrs. and at
150 = 5°C, for 15 hrs. The clear solution on cooling deposited a white crystal-
line solid. On opening the tube at -196°C. the excessive pressure of
noncondensable gas resulted in inadvertent loss of the gas. The tube contents
were diluted with 10 ml. of water and the insoluble material, 0.0053 g.,
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m.p. 210-215°C. with evolution of a gas, separated. The infrared spectrum
displayed bands characteristic of the triborophane nucleus but significantly
different from the starting material in the 1000-650 em™t region. A very veak
carbonyl absorption band at 1700 em~ ! was observed.

The aqueocus filtrate gave silver iodide on treatment
with S% aleoholic silver nitrate and evolved ammonia on bacification. When made
strongly basic (pH 1ll) with concentrated sodium hydroxide a fine white precipi-
tate, 0.0230 g., m.,p. 67-T1°C. (softened at 57°C.), of unknown structure formed,
The infrared spectrum differed from that of the starting materisl by an
additionsl strong absorpiion hand at 1130 cm~t and numerous changes in the
1000-650 em=* region, No carbonyl (ca. 1700 cm~!) or B-0-C (1050 cm™?)
absorption bands were observed.

(2) B-Aryl- and B-Alkyl-Derivatives

(a) P-Hexamethyl-B-phenyltriborophane
and P-Hexamethyl-B,B’-diphenyltriborophane (1385-39)

In a nitrogen-filled 5 ml. heavy-wall tube
containing 0.1544 g. (0.44k mmole) of P-hexamethyl-B-iodotriborophane was
added by hypodermic syringe 1.00 ml. (30 mmoles) of 3M phenylmagnesium bromide
in diethyl ether. The tube was immediately evacuated at -196°C. and degassed,
One milliliter of degassed ether was added and the tube sealed. On warming to
room temperature the mixture became homogeneous. The tube was heated at 125
+ 2°C. for 15 hrs., then opened on the vacuum line. No noncondensable gas was
observed. After removal of the solvent the tacky brown residue was heated in
high vacuum to obtain 0.0179 g. of biphenyl (identified by its infrared spectrum)
at a bath temperature of 40-T70°C. and 0.0040 g. of crude P-hexamethyl-B-phenyl-
triborophane st 100-125°C. The latter fraction was found by vapor phase
chromatography to be a mixture containing 72% P-hexamethyl-B-phenyltriborophane
(0.00967 mmole, 2.2%) and 11% P-hexamethyl-B-iodotriborophene., The infrared
spectrum of the mixture confirmed the presence of the P-hexamethyl-B-phenyltri-
borophane.

Hydrolysis of the sublimation residue with water,
followed by a second sublimation, provided 0,0245 g. of a yellow solid at
Lo-75°C., 0.0610 g. of a white solid at 150-170°C., and 0.0263 g. of a second
white solid at 180-200°C. The first and second sublimates decomposed guickly
to & yellow material on exposure to air; the third sublimste became brown in
color, BSince the infrared spectra of the first and second sublimasies gppeared
similar to that for the monophenyl and diphenyl derivatives, they wers combined
and crystallized twice from ethanol-water (10:1) to yield mats of microcrystal-
line needles, 0,0ll2g. (7%) of P-hexamethyl-B,B’-diphenyltriborophene, m.p. 161.5-
163°C. The mixture melting point with authentic material30 was 160,5-162.5°C.
Similar crystallization of the third sublimate yielded an additional 0.0033 g.
of the diphenyl-derivative raising the total to 0.0145 g. (0.0388 mmoles, 8.7%).
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(b)  P-Hexamethyl-B-ethyltriborophane (1385-136)

To 1.5256 g. (4.39 mmoles) of P-hexamethyl-B-iodo-
triborophane in a 5 ml. heavy-wall tube was added 1.50 ml. (1.77 g., 14.3 mmoles)
of diethylzinc in vacuo. On warming the sealed tube to room temperature the
triborophane dissolved. The tube was heated at 100 + 2°C. for 10 hrs., then
opened on the vacuum line and the excess diethylzinc removed (no noncondensable
gas was observed). The viscous residue was heated under high vacuum at 30-50°C.
and the distillate was condensed at -78°C. No additional material was obtained
at temperatures up to 100°C. The solid product, 0.9610 g., on warming to room
temperature melted to a viscous liquid. Analysis by vapor phase chromatography
showed it to be a complex mixture consisting of P-hexamethyltrlborophane (h6.8%),

-hexamethyl-B ethyltriborophane (39.3%), P-hexamethyl-B, B’ —dlethyltrlborOPhane
(1.3%), -hexamethyl-B-1odotr1borophane \12 4%) and P-hexamethyl-B,B’,B” -tri-
ethyltriborophane {0.2%). P-Hexamethyl-B-ethyltriborophane, assaying 99.5%
by vapor phase chromatography, 0.0801 g., m.p. 36.5-37.0°C., was obtained only
after passing the mixture through a preparative vapor phase chromatograph, cutting
the appropriate fraction which was again chromatographed, and finally subliming
the product under high vacuum at 25-30°C. Anal. calcd. for CgHpgBsPs:
C, 38.48; H, 11.30; M.W., 249.7. Found: C, 38.35; H, 11.16; M.W., 252
(Neumayer). The infrared spectrum displayed absorption bands characteristic of
the ethyl group at 1458 cm~1 (-CH,-) and 1370 cm™* {CH3-C).

{¢) P-Hexamethyl-B-polymethyltriborophanes (1157-35,41)

Into a 50 ml. heavy-wall tube was placed 14.7 g. of
the mixture consisting of the 12.5586 g. of P-hexamethyl-B-polychlorotri-
borophanes and the 2.8943 g. of the less volative sublimed P-hexamethyl-B-
polychlorotriborophanes (see Section 2 (g) (7) above).

From the vacuum line 32.4 g. (0.28 mole) of dimethyl-
zinc was added, the tube sealed and heated for 9 hrs. at 110°C. On opening the
tube in vacuo 19 4 g, {0,168 mole) of dimethylzinc was recovered. The residue
was then sublimed under high vacuum through a 50 cm. tube leading to a -78°C.
trap at 60°C. Approximately 25 cm. of the tube adjacent to the reaction tube
was maintained at 80-90°C. by means of a heating tape which prevented the subli-
mate {fraction 2) from condensing except in the 25 cm, region adjacent to the
-78°C, trap. After maintaining these conditions for 48 hrs., the heating tape
was removed and the bath temperature raised to 125°C, where it was kept for
2k hrs., The sublimate {fraction 3) then condensed in the section adjacent to the
reaction tube. The tube was disassembled, the contents of each section removed
mechanically and analyzed by vapor phase chromatography with the results shown
in Table XIII. The three sublimates were individually preparatively chromato-
graphed and the components were collected in common traps and chromatographically
analyzed with the results listed in Table XIII.
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TABLE XIII

Separgtion of P-Hexamethyl-B-polymethyltriborophanes

Per cent Distribution of (CHg)ePsPale.-n(CHs), for

Values of n

Weight,
Fraction g. 0 1 2 3 b 5 6
Fractional Sublimation
1(a) 0. 36L7 6.2 4.7 | k0.3 |10.3 | 2.5
2 2.1500 0.3 10.1 W6, 7 {26.6 |1k, 1 1.7 0.5
§a(§:‘} 0. 14 7.32 | 57.6 |26.2 | 8.4k 0.2 0.1
3. 4730
5 () o.0b | 127|109 |13.9130.8 |20.9 | 22.2
Preparative Vapor Phase Chromatographic Separation
Ale) - 0.05 | 45.7 0.6 | o1l 6.3 |ur1.2 -
B -— - 0.5 99.3 - - - 0.2
C -— - 0.0k 3.4 96,5 - -- -
D - - 0.0k 0.2 h,2 195.5 - -

(a) Material condensed in the -T8°C. trap.

(b) Fraction 3 appeared to be two components; (a) opague needles, and (b)
transparent spheroids; total weight 3.4730 g.

(¢) Mono- and pentamethyl-derivatives were conveniently collected in the
same trap and will be separated by fractional sublimation before
recrystallization.
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f3) Miscellaneous B-Substituted Derivatives

(a) P-Hexamethyl-B-cyanotriborophane (1157-7)

A larger quantity of P-hexamethyl-B-cyanotri-
borophane was prepared by the method previously reportedl3 utilizing 5.0009 g.
{13.78 mmoles) of P-hexamethyl-B-iodotriborophane {assay 95.8%) and 1.4848 g.
(30.29 mmoles) of sodium cyanide in 50 ml. of ethanol. There was obtained
3.238 g. (13.13 mmoles, 95.6% yield) of product, m.p. 104-107°C., which was
analyzed by vapor phase chromatography as 97.9% P-hexamethyl-B-cyanotri-
borophane, 0.2% P-hexamethyltriborophane, 1.6% P-hexamethyl-B-iodotriborophane
and 0.3% P-hexamethyl-B,B’-diiodotriborophane.

(1] Attempt to Hydrolyze
P-Hexamethyl-B-cyanotriborophane

[a] wWith Sodium Hydroxide {1385-66,T1)

Experiment 1. A mixture of 0.1012 g.
(0.410 mmole) of P-hexamethyl-B-cyanotriborophane and 1.0 ml., (0.20 g.,
5.0 mmoles) of a 20% aqueous sodium hydroxide solution was heated in a 5 ml,
evacuated bomb tube at 110 + 5°C. for 18 hrs. Since the solid remaining
appeared much like the starting material, the tube was again heated at 150
4+ 5°C. for 24 hrs. The appearance of a flocculent solid suspended in the
aqueous solution suggested that & reaction had occurred. The tube was opened
in vacuo; the noncondensable gas was analyzed by combustion over copper oxide and
found to consist of 0.0k cc. methane and 3.85 ce. hydrogen. The contents of the
tube were removed mechanically with the aid of 10 ml. of water and filtered.
The dried 0.104k g. filter cake was dissolved in 5 ml. of ethanol to which was
added 5 ml. of water. On cooling to -20°C., 0.0710 g. (70% recovery) of
P-hexamethyl-B-cyanotriborophane, m.,p. 108-110°C., was obtained. Acidification
of the basic filtrate yielded on long standing 0.0175 g. of silicon dioxide
(identified by its infrared spectrum) as the only product.

Experiment 2. In a 5 ml. heavy-wall
tube was placed 0.1057 g. (0.429 mmole) of P-hexamethyl-B-cya